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ABSTRACT
K irchne r ,  Gail L . , M.S., May, 1982 Geology
F ie ld  R e la t ions ,  Pe tro logy ,  and M in e ra l iza t io n  o f  the 
L in s te r  Peak Dome, Fergus County, Montana (115 pp.)
D i r e c to r ' s  Name: Dr. David A l t
Late-Cretaceous and E a r l y -T e r t i a r y  c a lc -a lk a l in e  and a lka l in e  
magmatism produced the L in s te r  Peak dome in the eastern Jud i th  
Mountains. The L in s te r  Peak stock, a multiphase monzonite por­
phyry stock, f o r c e f u l l y  in truded an east-west f a u l t  zone in  Upper 
Paleozoic and Mesozoic sediments. Various consecut ive phases of 
the stock produced an upper c h i l l  cap, a massive core, molybdenum- 
and copper-bearing in t r u s iv e  breccias and d ikes,  and gold-bear ing 
skarns.
Immediately fo l lo w in g  t h is  c a lc -a lk a l in e  igneous event, nephe- 
1ine-normative a l k a l i - s y e n i t e  porphyries and a lk a l i - t r a c h y te s  
invaded the dome as a plug, i r r e g u la r  d iscordant bodies, s i l l s ,  
and d ikes.  No m in e ra l iz a t io n  is  a t t r ib u te d  to t h is  event. Late 
hydrothermal a l t e ra t io n  produced c a rb o n a te -p y r i t e - f1u o r i te  veins 
and extensive carbonat iza t ion  and p y r i t i z a t i o n  along major shear 
zones, a f te r  c r y s t a l l i z a t i o n  of a l l  igneous l i t h o lo g ie s .
D if ferences in mineral and chemical con s t i tu e n ts ,  f l u i d  phases, 
and s i l i c a  sa tu ra t ion  ind ica te  tha t  the c a lc -a lk a l in e  and a lka l ine  
rocks of the L in s te r  Peak dome did not evolve from the same source 
area or magma. Apparent ly  minor magma mixing at depth produced 
the chemical and m inera log ica l  anomalies present in these l i t h o l ­
og ies.  Presumably the c a lc -a lk a l in e  and a lka l in e  magmas, from 
c ru s ta l  and mantle sources re s p e c t iv e ly ,  developed contemporane­
ous ly  by the same te c to n ic  mechanism of magma generat ion. Local 
decompression, in response to  Late-Cretaceous and E a r ly -T e r t ia r y  
secondary tension and basement f a u l t i n g ,  is suggested here as the 
most plausable mechanism fo r  generating coeval c a lc -a lk a l in e  and 
a lk a l in e  magmas of the L in s te r  Peak dome.
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The L in s te r  Peak dome, in the eastern Jud i th  Mountains, exempl i f ies  
the problem of s p a t i a l l y  and tem pora l ly  associated c a l c - a l k a l i n e  and 
a lk a l in e  magmatism in ce n t ra l  Montana. In t h is  study the petrogenesis 
of  these magmas is evaluated in l i g h t  of  a d d i t ion a l  p e t ro lo g ic  research 
and an examination of contemporaneous c ru s ta l  deformation.
The two p re v io u s ly  published stud ies in t h i s  area are reconnais­
sance eva lua t ions  o f  the e n t i r e  Jud i th  Mountain complex. The breadth of 
t h e i r  approach completed the necessary c o r r e la t i v e  work to  a l low inves ­
t i g a t i o n  on a more d e ta i le d  scale. Weed and P ir rson  (1897) concluded 
th a t  the two igneous su i te s  are re la ted  by some " in e x p l i c a b le  d i f f e r e n ­
t i a t i o n "  from a common source magma. Wallace (1953) supported a model 
of l imestone a s s im i la t io n  by c a lc - a l k a l i n e  magmas to produce a lk a l in e  
magmas.
This study involved d e ta i le d  f i e l d ,  pé trograph ie ,  chemical,  and 
chrono log ica l  work on one iso la te d  dome which contained rocks of both 
s u i te s .  The conclusions presented here suggest th a t  the c a l c - a l k a l i n e  
magmas of the L in s te r  Peak dome evolved independently,  but contempor­
aneously w i th  a l k a l i c  magmas. Presumably, minor magma mixing produced 
s l i g h t  mutual contaminat ion o f  both magmas. Regional and local s t r u c ­
tu res  in d ica te  tha t  deep c ru s ta l  shears and local f a u l t s ,  re s p e c t iv e ly ,  
acted as conduits  f o r  r i s i n g  magmas and allowed minor m ix ing .  The 
r e la t io n s h ip  of the c a l c - a l k a l i n e  and a lk a l in e  magmas o f  the L in s te r
Peak dome may represent one smal l ,  but s i g n i f i c a n t ,  c lue to the igneous 
h is to r y  o f  ce n t ra l  Montana. These conclusions must be kept in perspec­
t i v e ,  as app l icab le  to the L in s te r  Peak dome. A d d i t io na l  de ta i le d  
s tud ies should e labora te  the processes which produced coeval c a lc -a l k a ­
l i n e  and a lk a l in e  magmas in cen tra l  Montana.
Location
Central Montana hosts numerous a l k a l i c  igneous centers which are 
grouped in to  the pétrograph ie province of Central Montana (Weed and P i r ­
rson, 1905; Larsen, 1940). With in  t h i s  prov ince,  the eas t -w es t- t rend ing  
Jud i th  Mountain range conta ins both c a l c - a l k a l i n e  and a lk a l in e  igneous 
cen te rs ,  inc lud ing  the L in s te r  Peak dome (Figure 1 ) .  This dome occurs 
as a geog raph ica l ly  iso la te d  mass between Ross Pass and Black Butte 
(F igure 2 ) .  The study area occupies approximate ly  25 square k i lometers  
in the northeastern p o r t io n  of the Jud i th  Peak 15-minute quadrangle and 
the southern p o r t io n  of the Lewistown 1 SE advance 7.5-minute topograph­
ic  p r i n t .
The L in s te r  Peak dome inc ludes both Bureau of Land Management land 
and p r i v a t e l y  owned land. The h ighest e leva t ions  are p u b l ic ,  but the 
p la ins  and f la n k in g  h i l l s  of  the dome are p r iv a te .
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REGIONAL GEOLOGY
The Jud i th  Range is  composed of iso la ted  and in te rp e n e t ra t in g  
stocks and la c c o l i t h s  in the cen t ra l  Montana A lk a l i c  Province (Weed and 
P i r rso n ,  1897; Wallace, 1953). This prov ince,  occupying approximately 
40,000 square k i lom e te rs ,  was de l ineated by the "cosangu in i ty  of  igneous 
rocks"  occurr ing in an ovo id ,  n o r the as t - t re nd ing  zone (Weed and P i r rso n ,  
1905; Larsen, 1940).
The re p rese n ta t ive  a l k a l i c  l i t h o lo g ie s  inc lude an unusual assem­
blage o f  Late-Cretaceous and T e r t ia r y  potass ic  v a r i e t i e s .  They range 
from a l k a l i c  sh o nk in i te s ,  u l t ra m a f ic  rocks, and fe ld spa tho ida l  syenites 
to p e ra lka l in e  r h y o l i t e s  and g ra n i te s .  Coeval igneous su i tes  inc lude a 
broad spectrum of rock types in c lu d in g :  ca rbona t i tes  (Pecora, 1962), 
u l t ra m a f ic  rocks and k im b e r l i te s  (Hearn, 1968; 1979), and c a l c - a l k a l i n e  
l i t h o lo g ie s  (Wallace, 1953; Weed and P i r rso n ,  1895; 1896; 1897; Brock- 
u n ie r ,  1936; Larsen, 1940; and W itk ind ,  1973).
Throughout the prov ince ,  a lk a l in e  magmatism g e ne ra l ly  post-dates 
c a lc - a l k a l i n e  magmatism, although commonly the two su i tes  are coeval.  
Magmatism began 69 to  68 m i l l i o n  years ago and tapered o f f  s i g n i f i c a n t l y  
46 m i l l i o n  years ago (Marvin and o th e rs ,  1980).
C le a r ly  the mafic a l k a l in e ,  c a r b o n a t i t i c , and u l t ra m a f ic  l i t h o l ­
ogies are m a n t le -d e r iv e o . The petrogenesis of the f e l s i c  a l k a l i c  and 
c a l c - a l k a l i n e  rocks is  s t i l l  a puzz l ing problem of the Central Montana 
A l k a l i c  Province. The Jud i th  Mountains conta in several phases of f e l s i c
a lk a l in e  and c a l c - a l k a l i n e  rocks (Weed and P i r rs o n ,  1897; Wallace, 
1953). The te c to n ic  s e t t in g  o f  the Jud i th  Mountains w i l l  be discussed 
below to i l l u m in a te  c ru s ta l  processes which in f luenced loca l magmatism.
TECTONICS AND REGIONAL STRUCTURE
The petrogenesis of  the igneous rocks of the L in s te r  Peak dome can­
not be adequately resolved w i thou t  an awareness o f  the Late-Cretaceous 
and e a r ly  T e r t i a r y  te c to n ic  s e t t in g  and s t ruc tu res  in cen tra l  Montana. 
Northeast tens iona l  s t ru c tu re s  r e s u l t in g  from r e g io n a l ly  pervasive Late- 
Cretaceous to e a r ly  T e r t i a r y  eas t -no r theas t  compression are in te rp re te d  
to  have in f luenced coeval magmatism in the Rocky Mountain fo re land 
(Bookstrom, 1981; Snriith, 1967; Smith, 1965; Stone, 1969; Rehrig and 
H e id r ich ,  1972).
The la te n t  e f fe c ts  of these compressive and tens iona l  regimes are 
fa r  more subt le  in the Rocky Mountain fo re land than in the C o rd i l le ra  
i t s e l f .  In the p la ins  of cen t ra l  Montana, surface fea tu res  are general­
l y  a t t r ib u te d  to deformation deep w i th in  the c ru s t .  Here, numerous 
domes, u p l i f t s ,  bas ins,  f o ld s ,  and en echelon f a u l t  zones, in te rp re te d  
to  r e f l e c t  la rge -sca le  f a u l t i n g  of the Precambrian basement, inc lude: 
the en echelon Cat Creek, Sumatra, and Lake Basin f a u l t  zones; the Big 
Snowy and L i t t l e  Be l t  u p l i f t s ;  the Cat Creek, Big Wall ,  Sumatra, Women's 
Pocket, and Wolf Creek a n t i c l i n e s ;  the Blood Creek and Sumatra syn- 
c l i n e s ;  and the Porcupine and Big Coulee-Hai1 stone domes (F igure 3) 
(Smith, 1962; Dobbrin and Erdmann, 1955; Smith, 1967; Chamberlain, 1919; 
Thom, 1923, Smith, 1965; Stone, 1969).
En echelon f a u l t  zones, f o ld s ,  and domes are p re d ic ta b le  surface 
phenomenon of deep-seated wrench f a u l t s  (Wilcox and o the rs ,  1973; Moody, 
and H i l l ,  1956; Stone, 1969; Anderson, 1942). Stone (1969), Smith
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Figure: 3 Regional Structures (Smith, 1962)
(1957), Smith (1965), and Thom (1923) I n t e r p r e t  the surface s t ruc tu res  
of c e n t ra l  Montana to  represent buried megashears, or wrench f a u l t s .
The magnetic map of ce n t ra l  Montana (Z e i t z ,  1980) also supports an 
in te r p r e ta t io n  of basement f a u l t i n g  fo r  many of these fea tu res .
These hypo the t ica l  megashears trend approximately  N70-75*W, as do 
most of  t h e i r  surface expressions (F igure 4 ) .  The northernmost mega­
shear of Smith (1965) extends northwest from the Porcupine dome and the 
Cat Creek a n t i c l i n e ,  through the Northeastern Jud i th  Mountains, in the 
immediate v i c i n i t y  of L in s te r  Peak. Local s t ruc tu re s  which are apparen­
t l y  re la ted  to t h is  t rend are discussed in the next chapter.
S t ra t ig ra p h ie  evidence suggests tha t  these nor thwest-o r ien ted  base­
ment shear zones o r ig in a te d  or were rea c t iva te d  in response to  70 to  50 
m i l l i o n  year old Laramide eas t -no r theas t  compression ( B u rc h f ie l ,  1979; 
Stone, 1969; Smith, 1965; Smith, 1967). They are not to be confused 
w i th  the Precambrian east-west shears o f  Winston (1982) and Thom (1923). 
T h e o re t ic a l l y ,  t h i s  e a s t -no r th ea s t  Laramide compressive regime produced 
a shear couple or ien ted  approx imate ly  N70*W. Thus, a secondary zone of 
tens iona l  s tress is expected to have formed in a n o r th e a s te r ly  d i r e c t io n  
(F igure 4 ) .  Smith (1965) and Smith (1967) use geophysica l ,  p e t r o lo g ic ,  
and s t r u c tu ra l  data to  suggest t h a t  Late-Cretaceous igneous a c t i v i t y  in 
cen t ra l  Montana u t i l i z e d  t h i s  " i n c ip ie n t  r i f t i n g "  environment to reach 
shallow c ru s ta l  le v a is .  These s t ruc tu re s  were presumably in f luenced by 
l a t e r ,  pr imary T e r t i a r y  tens iona l  s tresses.
In summary, the Rocky Mountain c o r d i l i e r a  e x h ib i t s  severe c ru s ta l  
deformation r e s u l t in g  from the Late-Cretaceous Laramide Orogeny whi le
Figure 4 :
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S u r f a c t  tra ce s  of deep- seofed m t g c s h e a r s )
6 Porcupine dome
1 N V E - b o w l e r  l in e a m e n t 7 Cot C re e , anticline and foult cone
» Big W all anticline
2 LAKE BASIN  LINEAM ENT 9
Big SncTAY uo lift
10 Womons Pocket anticline
n Shorvmut anticline
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the Rocky Mountain fo re land  e x h ib i t s  on ly  minor near-sur face deforma­
t io n s .  Yet the evidence of deep c rus ta l  deformation in the northern 
Rocky Mountain fore land should not be overlooked. Apparent ly ,  basement 
shears and a secondary tens iona l  regime formed in response to  Late- 
Cretaceous, eas t -no r theas t  compression. The re s u l t in g  surface phenomena 
in cen t ra l  Montana are en echelon f a u l t  zones, basement-cored u p l i f t s ,  
f o ld s ,  and domes.
Presumably magma generat ion in cen tra l  Montana is  l inked to t h i s  
contemporaneous occurrence of deep-seated basement f a u l t i n g  and a secon­
dary tens iona l  regime.
LOCAL GEOLOGY
The Jud i th  Mountains
Local s t ruc tu re s  and igneous centers of the Jud i th  Mountains are 
c h a r a c te r i s t i c  o f  the reg iona l  s t ru c tu re s  and coeval a lk a l in e  and ca lc -  
a lk a l in e  magmatism in cen t ra l  Montana.
The chrono log ica l  sequence o f  igneous rock types here, from o ldest  
to  youngest, is  consiaered; quartz  monzonite, syen i te ,  r h y o l i t e ,  
t i n g u a i t e ,  and a l k a l i - g r a n i t e  (Wallace, 1953). These l i t h o lo g ie s  
decrease v o lu m e t r i c a l l y  in the same order.  Genera l ly ,  the c a l c - a l k a l i n e  
magmas, which are f a r  more voluminous, produced p o rp h y r i t i c  s tocks, 
p lugs,  d ikes, and brecc ia  pipes whereas the a lk a l in e  magmas produced 
p o r p h y r i t i c  l a c c o l i t h s ,  p lugs,  d ikes ,  and s i l l s .
The s t r a t ig ra p h ie  p o s i t io n  of the competent Madison l imestone north 
and south of the Warm Springs Creek f a u l t  presumably c o n t ro l le d  the mode 
of  emplacement and p o ss ib ly  the type of magmatism in the area. Calc- 
a lk a l in e  rocks occur on both sides of the f a u l t ,  whereas a lk a l in e  rocks 
occur on ly  north o f  the f a u l t  (F igure 2) .
Major f a u l t s  in the J u d i th  Mountains t rend eas t -no r theas t  or west- 
northwest (Wallace, 1953; C a lv e r t ,  1909) and comply extremely well  w i th  
reg iona l  trends discussed in the previous sec t ion .  The al ignment of 
stocks in the northern Jud i th  Mountains also exem pl i f ies  t h i s  t rend .  I t  
is  probable th a t  the o r ie n ta t io n s  of major f a u l t s  and stocks in the 
Jud i th  Mountains were s t ro n g ly  in f luenced by reg iona l  basement shears.
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Gold m in e ra l iz a t io n  is  s p a t i a l l y  re la ted  to  contacts between ca lc -  
a lk a l in e  magmas and the Madison l imestone, as well  as at in te rs e c t io n  o f  
shear zones. Anomalous copper, molybdenum, s i l v e r ,  lead, and zinc 
values occur s p o ra d ic a l ly  in hydro thermal ly  a l te red  areas.
S t ruc tu re  o f  the L in s te r  Peak Dome
The L in s te r  Peak dome is  a s u b -c i r c u la r  monzonit ic  stock which 
in truded and domed sediments of the Big Snowy Group, the Morr ison,
E l l i s ,  and Kootenai fo rm at ions ,  and the Colorado Group. This c r y s t a l -  
l ine -co red  dome is cut by a major eas t -wes t- t rend ing  normal f a u l t  which 
appears to have been ac t ive  before ,  du r ing ,  and a f t e r  stock emplacement. 
N o r th -sou th - t rend ing  shears, f a u l t s ,  and f ra c tu re s  a t te s t  to less drama­
t i c  s t ru c tu ra l  elements a c t ive  during and a f te r  stock emplacement, but 
p r i o r  to  Eocene a l k a l i c  a c t i v i t y .
The domal s t ru c tu re  o f  the L in s te r  Peak stock is  revealed by the 
occurrence of in s i t u  sediments which f la n k  the stock on three s ides.  
These sediments have been t i l t e d  from t h e i r  o r ig in a l  sub -hor izon ta l  
p o s i t io n  by stock emplacement, although la te r  f a u l t i n g  may have modif ied 
t h e i r  o r ie n ta t io n s  s l i g h t l y .  Roof pendants in the apical part  of  the 
stock in d ica te  th a t  the roo f  chamber is p resen t ly  exposed. The domed 
s t r a t a  and the occurrence of vuggy in t r u s iv e  breccias a t te s t  to a near- 
sur face,  f o r c e fu l  emplacement, t y p ic a l  of  other stocks and la c c o l i t h s  in 
the northern Jud i th  and Moccasin Mountains (Wallace, 1953; Lindsey, 
1980).
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The dominant f a u l t  o f  the L in s te r  Peak dome is  a v e r t i c a l , east-  
w es t- t rend ing  normal f a u l t  (P la te  1).  The f a u l t  t race  is  unaffected by 
topography, in d ic a t in g  a n e a r - v e r t i c a l  d ip .  I t s  s t r i k e  var ies  from 
N75*W to  N8Ü*E, p a r a l l e l i n g  the dominant reg iona l  t rends .  This f a u l t  is  
documented on the eastern f la n k  o f  the dome by s t r a t ig ra p h ie  o f f s e t  and 
fa u l te d  igneous and sedimentary con tac ts ,  wh i le  in the core o f  the dome 
i t  is recognized by al igned te c to n ic  and in t r u s iv e  brecc ias .  To the 
west the t race o f  the f a u l t  is  in d is t in g u is h a b le  in the chaot ic  and 
a l te red  monzonite porphyry-mixed u n i t ,  although abundant eas t -no rtheas t  
and west-northwest f ra c tu re s  here in d ica te  tha t  sp lay ing f ra c tu re s  and 
shears o u t l iv e d  the la s t  pulses o f  monzonit ic  magma.
Movement p r i o r  to c r y s t a l l i z a t i o n  of the stock apparent ly  dominated 
the f a u l t ' s  h i s to r y .  S t ra t ig ra p h ie  o f f s e t  in Late-Mesozoic sediments 
ind ica tes  tha t  the dip separat ion is approximately  450 meters (Figure 
6 ) .  Since no s i g n i f i c a n t  o f f s e t  occurred in the sub- ho r izo n ta l  contact 
of  the f i n e -  and coarse-gra ined monzonite fac ies  (P la te  1),  less than 
155 meters of the 450 meters of  displacement could have occurred a f te r  
c r y s t a l l i z a t i o n  of the e a r l i e s t  monzonite porphyry phase. The alignment 
o f  at least  f i v e  major s tocks,  inc lud ing  the L in s te r  Peak dome, along an 
east-west l i n e  in the nor thern  Jud i th  Mountains suggests th a t  a large 
f a u l t  or shear c o n t ro l le d  Late-Cretaceous to Paleocene stock emplacement 
and local f a u l t i n g .  This s t ru c tu re  could be a subsurface extension of 
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Fau lt  movement contemporaneous w ith  in t ru s io n  o f  the monzonite por­
phyry stock is  most c le a r  in the center of the dome. There, an oblong, 
N8U*E-trending zone o f  consecutive monzonit ic  and l a t i t i c  phases and 
intense a r g i l  l i e  a l t e r a t i o n  and p y r i t i z a t i o n  occur along the f a u l t  
t ra c e .  In P la te  1, t h i s  complex zone of weakness is contained w i th in  
the u n i t  monzonite porphyry-mixed.
P o s t - c r y s ta l ! i z a t i o n  f ra c tu re s  along the f a u l t  are documented by a 
loca l o f f s e t ,  te c to n ic  b recc ias ,  and gauge in the monzonit ic  rocks. 
Late-stage q u a r t z - p y r i t e - f l u o r i t e  and c a l c i t e - p y r i t e - f 1u o r i t e  ve ins,  
or ien ted  N8Ü*E and N75*W in the Golden Jack and Lucky S t r ik e  ad its  
(P la te  2) re s p e c t iv e ly ,  a t te s t  to post-monzonite f r a c tu r in g  along the 
f a u l t  zone. With in monzonite l i t h o lo g ie s  to the east ,  undeformed Eocene 
age a lk a l i c  dikes in truded along the f a u l t .
Another less dominant s t ru c tu ra l  trend is a s u b -v e r t ic a l  shear- 
f a u l t - f r a c t u r e  system th a t  t rends N5°W and is responsib le fo r  l o c a l i z a ­
t io n  of la te  monzonit ic  magmas and hydrothermal a l t e r a t io n  and m in e ra l ­
i z a t i o n .  Shearing w i th  t h i s  o r ie n ta t io n  is  exposed at the Landheim 
prospect,  al igned f a u l t i n g  is  exposed at the K irby  prospect,  and aligned 
f r a c tu r in g  is exposed in the Golden Jack ad i t  and Edward's Creek pros­
pects (P la tes  1 and 2 ) .  Extensive quartz ve in ing ,  reaching th ickness of 
1 cen t im e te r ,  also occurs along t h i s  t rend (P la te 3 ) .  A l t e r a t i o n ,  
m in e ra l i z a t io n ,  and in t r u s iv e  breccias are most intense at in te rs e c t io n s  
o f  east-west-  and n o r th -so u th - t re n d in g  f a u l t s  and shears.
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In summary, the dominant s t r u c tu ra l  t rends o f  the L in s te r  Peak dome 
are N75*W to  N80*E and N5°W. The comparison of these trends w i th  those 
o f  the e n t i r e  Jud i th  Mountain range mapped by Wallace (1953) and reg ion ­
al t rends (Smith, 1967; Thom, 1923; Smith, 1965; Dobbrin and Erdmann, 
1955) suggest tha t  reg iona l  te c to n ic  forces co n t ro l le d  the f a u l t i n g  and 
shearing pa t te rn  of the L in s te r  Peak dome. These p re -e x is t in g  zones of 
weakness appear to  have been ac t ive  before, du r ing ,  and a f te r  emplace­
ment o f  the Late-Cretaceous -  Early-Paleocene monzonite stock. Younger, 
Eocene a l k a l i c  magmas u t i l i z e d  these zones, but there is  no evidence of 
post-Eocene displacement or f r a c tu r in g  along these t rends.
Descr ip t ion  o f  Rock Units
The study area inc ludes Paleozoic and Mesozoic l imestones and 
c l a s t i c  rocks, fou r  phases of associated monzonite porphyry and l a t i t e ,  
two v a r i e t ie s  of p h o n o ! i t i c  to s y e n i t ic  l i t h o l o g ie s ,  and u n d i f f e r e n t i a ­
ted Quaternary a l luv ium . With the exception o f  Quaternary a l luv ium , 
these rocks w i l l  be described in order o f  decreasing age.
THE LINSTER PEAK DOME: A SUMMARY OF EVENTS
P re - In t ru s io n  F a u l t in g
The t im ing  of major f a u l t i n g  in the L in s te r  Peak dome is bracketed 
by o f f s e t  on Late-Cretaceous sediments and undeformed Eocene d ikes.
Local f a u l t i n g ,  near ly  co inc iden t  w i th  stock emplacement, is  approx i­
mately coeval w i th  the Cat Creek a n t i c l i n e .  The p re - in t ru s io n  f a u l t i n g  
in the L in s te r  Peak area could have resu l ted  from basement shearing 
along the a n t i c l i n e ,  the pressure of r i s i n g  monzonit ic  magma, or both.
Emplacement o f  the L in s te r  Peak Stock
Passive and fo r c e fu l  modes of emplacement were c o n t ro l le d  by depth, 
ana poss ib ly  rock type. At aepth, in the Precambrian gneisses and 
Paleozoic l imestones, stop ing was apparent ly  a s ig n i f i c a n t  mechanism of 
emplacement whi le  shallow le v e ls ,  in the upper Paleozoic and Mesozoic 
s t r a t a ,  fo r c e fu l  i n t ru s io n  occurred by doming and b re c c ia t io n .
The uppermost 150 to  210 meters of the stock c h i l l e d  r a p id ly ,  form­
ing an impermeable cap rock, the f in e -g ra in e d  monzonite porphyry. The 
monzonit ic  magma c r y s t a l l i z e d  g ra du a l ly  in s a t e l l i t e  bodies and p e r i ­
pheral por t ions  of the s tock. In the apical p o r t io n s ,  below the c h i l l  
cap, water,  f l u o r i n e ,  su lphur,  s i l i c a ,  and metals accumulated in magma- 
t i c  f l u i d s .  The contact  between the f in e -g ra in e d  porphyry c h i l l  cap and 
the coarse-gra ined core of the stock is extremely complex. In some 
lo c a t io n s ,  the coarse-gra ined porphyry brecc ia ted the f in e -g ra in e d  
porphyry.  Elsewhere, i t  appears to have remelted the ove r ly ing  f i n e ­
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grained porphyry, so th a t  both rocks quenched s imu ltaneous ly  w i th  loss 
of v o l a t i l e s .  In these areas, extensive hydrothermal a l t e r a t io n  is i n ­
d icated by s i l i c i f i c a t i o n ,  p y r i t i z a t i o n ,  and cat ion leaching.
As v o l a t i l e s ,  s i l i c a ,  and metals accumulated in the roo f  zone, the 
e f f e c t i v e  pressure also increased. Even tua l ly ,  h yd ro s ta t ic  pressure 
overcame l i t h o s t a t i c  pressure along the f a u l t  zone and the stock f r a c ­
tu re d ,  r e s u l t i n g  in quench tex tu res  in the coarse-grained porphyry and 
in t r u s iv e  brecc ias ,  d ikes ,  and hydrothermal a l t e r a t io n  in the ove r ly ing  
f in e -g ra in e d  porphyry (F igure 5 ) .  Related f a u l t i n g  played a s ig n i f i c a n t  
ro le  in re leas ing  magma and f l u i d s .  Sporadic copper, molybdenum, lead, 
and zinc porphyry-type m in e ra l iz a t io n  accompanied decompression. The 
most pronounced skarn development also occurred during decompression 
events. Younger small spurts o f  magma continued to in t rude  the c r y s t a l ­
l i z i n g  stock, producing f in e -g ra in e d  l a t i t e s .
The o r ig in  of  the hydrothermal f l u i d s  is d i f f i c u l t  to assess. I t  
is  poss ib le  tha t  they are t o t a l l y  magmatic, or dominantly meteor ic .  The 
apparent "dryness" of  the f in e -g ra in e d  porphyry c h i l l  cap is  perp lexing 
in l i g h t  of  the excess water requ ired  to form skarns and hydrothermal 
f l u i d s .  A f e l s i c  magma, c a r ry in g  four  percent water at s i g n i f i c a n t  
depth, is  undersaturated in water (Whitney, 1974; Hyndman, 1981). 
Whereas, in the epizonal environment, i t  is oversaturated with respect 
to  water (F igure 7A). This phenomenon could exp la in  why the monzonit ic  
magma was able to  r i s e  to the hypabyssal environment yet expel 1 vo la ­
t i l e s  and c r y s t a l l i z e  before i t  breached the surface.  I t  is  l i k e l y  th a t  
at leas t  some of t h i s  water was adsorbed from the lower Paleozoic
FIGURE 7 : WO SCHBtS FOR EXSOLVING A VOLATIŒ PHASE
MONZONITE PORPHYRY OF LINSTER PEAK
f in e -g ra in e d
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horizons at depth. With continued r i s i n g ,  when the magma reached a par­
t i c u l a r  Horizon (hereto ca l le d  the "A" ho r izon ) ,  the reverse process oc­
curred (Figure 76). This s h i f t  in water d i f f u s io n  at d i f f e r e n t  l i t h o ­
s t a t i c  pressures and temperatures is  t o t a l l y  dependent on temperature 
and the r e l a t i v e  p a r t i a l  pressures of water in the magma and host rocks. 
Small amounts o f  water and f l u o r i n e  may also have accumulated during the 
d e s t ru c t io n  o f  hornblende.
During the waning stages of c r y s t a l l i z a t i o n ,  a l k a l i - t r a c h y t e  por­
phyry and a l k a l i - t r a c h y t e  magmatism began. Nearly everywhere the i n t r u ­
sion of the a lk a l in e  magmas c le a r l y  post-dates c r y s t a l l i z a t i o n  of the 
s tock.  A few gray a l k a l i - t r a c h y t e  dikes ca r ry  anomalous, f ra c tu re d  
p lag ioc lase  c r y s ta ls  and or thoc lase megacrysts and conta in  less aeg i r ine  
than the c h a r a c t e r i s t i c a l l y  green a l k a l i - t r a c h y te s .  They are apparently  
a product o f  magma mixing or a s s im i la t io n .
In one l o c a l i t y  and in d r i l l  core, minor amounts of r h y o l i t i c  brec­
c ias  represent the f i n a l  magmatic event of  unknown o r i g i n .  The r h y o l i t e  
in the d r i l l  core c a r r ie s  c la s ts  of a l k a l i - t r a c h y t e ,  thus dat ing the 
r h y o l i t e  as the youngest magmatic rock in the L in s te r  Peak dome.
A lk a l i c  Magmatism
A lk a l i - s y e n i t e  porphyr ies in truded pass ive ly  and vpTTently c o in c i ­
dent w i th  the la s t  stages o f  the L in s te r  Peak stock. A lk a l i c  magmatism 
was confined to sedimentary host rocks or f ra c tu re s  in the c r y s t a l l i z e d  
s tock.  A lk a l i - s y e n i t e  porphyry magmas in truded f i r s t  whereas a l k a l i -  
t ra c h y te  dikes and s i l l s  in truded very s h o r t l y  af terwards.  F ie ld  and
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pétrograph ie c h a r a c te r i s t i c s  of  the a l k a l i - t r a c h y te s  in d ica te  th a t  they 
are f in e -g ra in e d  equ iva len ts  of  the a l k a l i - s y e n i t e  porphyr ies .  But 
chemical analyses in d ic a te  th a t  the a l k a l i - t r a c h y t e s  d isp la y  unique 
chemical c h a r a c te r i s t i c s .  Re la t ive  to the a l k a l i - s y e n i t e  po rphyr ies ,  
they are s l i g h t l y  enriched in potassium and depleted in calc ium and 
s i l i c a .  I t  is  poss ib le  tha t  the o r i g in a l  a l k a l i - s y e n i t e  magma was iden­
t i c a l  in composit ion to  the a l k a l i - t r a c h y t e  magmas but contaminat ion by 
monzonit ic  m ate r ia l  produced a composit ion equ iva len t to tha t  of  the 
a l k a l i - s y e n i t e  porphyr ies .
Evidence of a minor, l a t e ,  carbonate- ,  a l k a l i - ,  and w a te r - r ich  
f l u i d  phase is ind ica ted  by a n a lc i te  and carbonate amygdules in the 
a lk a l in e  rocks, although low water pressures and high temperatures char­
acter ized the a lk a l in e  magmas. F e n i t i z a t io n  and contact metamorphism 
are absent, although b re c c ia t io n  of host rocks is common. No s i g n i f i ­
cant m in e ra l iz a t io n  is  a t t r ib u te d  to  these magmas.
F a u l t in g  and Late Hydrothermal A c t i v i t y
Fau lt ing  continued a f t e r  c r y s t a l l i z a t i o n  of the L in s te r  Peak stock 
where i t  o f f s e t  po r t ions  of the e a r l i e r  c r y s ta l l i z e d  stock and produced 
o r ien ted  f ra c tu re s  in the younger stock l i t h o l o g ie s .  The a lk a l in e  
magmas u t i l i z e d  the L in s te r  Peak f a u l t  as a condu i t ,  r e s u l t i n g  in 
a l k a l i - t r a c h y t e  dikes or ien ted  along the o r ig in a l  f a u l t  t race .
Hot f l u i d s  may have t r a v e l le d  p e r i o d i c a l l y  or c o n t in u a l l y  f o r  a 
s i g n i f i c a n t  period of t ime a f t e r  c r y s t a l l i z a t i o n  of the stock. Ear ly  
eipsodes of hydrothermal a l t e r a t i o n  and ve in ing occurred w i th  magmatic
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decompression and is  dominated by a q u a r tz - r ic h  f l u i d .  A l a t e r  period 
o f  a l t e r a t io n  is younger than the r h y o l i t e  breccias and a l k a l i - t r a c h y t e s  
and contained a ca rbona te - r ich  f l u i d .  L i k e l y  sources fo r  the quar tz -  
r i c h  phase are combined meteoric and magmatic f l u i d s ,  whereas probable 
sources fo r  the ca rbona te - r ich  f l u i d  are p r im a r i l y  meteoric  and may be
l inked  to  the occurrence o f  bedded t r a v e r t i n e  in the Jud i th  and Moccasin
Mountains. The la te  ca rbona te - r ich  hydrothermal a l t e r a t io n  completed
the sequence of "magmatic" events of  the L in s te r  Peak dome.
UPPER PALEOZOIC, MESOZOIC, AND QUATERNARY SEDIMENTS
Upper Paleozoic and Mesozoic Sediments
Paleozoic and Mesozoic s t ra t ig ra p h y  is  c r i t i c a l  to i n te r p r e ta t i o n  
o f  stock morphology and f a u l t i n g .  Table 1 is  a b r i e f  d e s c r ip t io n  of the 
s t r a t ig ra p h y  o f  the northern  Jud i th  Mountains, as proposed by Wallace 
(1953) and Lindsay (1980).
Upper Paleozoic and Mesozoic s t r a ta  occur on the L in s te r  Peak dome 
as f la n k in g  sediments, roo f  pendants, and stope blocks (P la te  1). The 
o ldes t  in s i t u  format ions exposed in the area are l imestones, sandstone, 
s i l t s t o n e s ,  and shales o f  the Upper M iss iss ip p i  an Big Snowy Group. 
Younger rocks inc lude the Ju ra ss ic ,  S w i f t ,  and E l l i s  Formations, Creta­
ceous Kootenai Formation, and Colorado Group. A l l  of  these format ions 
occur in d i r e c t  contact  w i th  igneous rocks of the dome.
Roof pendants inc lude a l l  o f  the above-mentioned fo rm at ions .  
Genera l ly  they are attached to s t r a ta  at the base o f  the dome, although 
occa s io n a l ly  they e x is t  as is lands in monzonite porphyry.  Their  o r ie n ­
t a t i o n  d is t in g u ish e s  ro ta ted  stope blocks from in s i t u  pendants. A l l  
stope blocks are comprised o f  t h i c k l y  bedded gray l imestone, and are 
t e n t a t i v e l y  co r re la te d  w i th  M iss iss ipp i  an Madison l imestone. The ir  
s i m i l a r i t y  to a sec t ion  of massive l imestone of the Big Snowy Group 
makes t h i s  c o r r e la t i o n  tenuous, and t a c t i t e  development f u r t h e r  compl i ­
cates t h e i r  s t r a t ig ra p h ie  c o r r e la t i o n .
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L i o h t - q r a y  t o  ye  11o w i s H - q r a y  
I ' a s s i v e ,  m e d i u m - a r a i n e d  s a n d ­
s t o n e  w i t h  some l a y e r s  o f  y e l l o w ­
i s h - g r a y  s a n d y  s h a l e .
L o c a l l y  c r o s s b e d d e d .
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L i o h t  o l i v e - g r a y  s a n d y  s h a l e ,  
( i n e l y  l a i i n a t e d .  Sand c o n t e n t  











D a r k - g r a y  t o  b l a c k  f i s s i l e  s h a l e  
w i t h  a f e w  t h i n  r i d g e - f o r m i n g  
s a n d s t o n e  l a y e r s .  C a t  C r e e k  
s a n d s t o n e  75 f e e t  t h i c k  a t  t h e  
b a s e ,  a n d  Mowry beds  140 f e e t  
t h i c k  a r e  5 50  f e e t  a b o v e  t h e  
b a s e .  How ry  c o n s i s t s  o f  f i n e ­
g r a i n e d  s a n d s t o n e  and l i m e y  s h a l e s  
t h a t  w e a t h e r  l i g h t - g r a y  and  
c o n t a i n  a b u n d a n t  f i s h  scales i n  




C h a r a c t e r i z e d  by  b l a c k  a n d  m aro on  
m u d s to n e  i n  t h e  u p p e r  p a r t ,  and  
r i d g e - f o r m i n g  c o a r s e - g r a i n e d  
s a l t - a n d - p e p p e r  s a n d s t o n e  i n  t h e  




Red and b row n  m u d s t o n e ,  s i l t s t o n e ,  
and s a n d s t o n e ;  g r a y  m i c r i t i c  
l i m e s t o n e ;  a n d  n e a r  t h e  t o p ,  










T h i n - b e d d e d  b r o w n i s h - q r a y  
a r k o s i c  s a n d s t o n e ;  some l a y e r s  
c o n t a i n  a b u n d a n t  g l a u c o n i t i c  





to PIERDONFORMATION 9 0 '
L i g h t -  t o  d a r k - g r a y  s a n d y ,  l i m e y  
s h a l e  w i t h  a f e w  t h i n  l a y e r s  o f  
l i m e y  s a n d s t o n e .
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P IP E R
FORMATION
120-230'
I n  t e r b e d d e d  d a r k - g r a y  l i m e s t o n e  
a n d  s h a l e ,  l o c a l l y  some r e d  
s h a l e .
> -
h e a t h
FORMATION
0 - 5 0 0 * G r a y  to  b l a c k  s h a l e  w i t h  t h i n  
beds  o f  g r a y  l i m e s t o n e  a n d  
b r o w n i s h - g r a y  s a n d s t o n e .




0-145' G r e e n ,  g r a y ,  and r e d  s h a l e  
w i t h  beds  o f  l i g h t - g r a y  




K I 0 8 E Y
SANDSTONE
0-110'
L i o h t - b r o w n  t o  y e l l o w i s h - g r a y  
s a n d s t o n e  w i t h  t h i n  b e d s  o f  
r e d  s h a l e .







M a s s i v e  g r a y  l i m e s t o n e ;  c o n t a i n s  
g r a y  t o  b l a c k  c h e r t  i n  some 
l a y e r s  a n d  some t h i c k  l a y e r s  
o f  b r e c c i a t e d  l i m e s t o n e .
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u p p e r  P a l e o z o i c  and  M c : o z o 1 c  s t r a t i o r a p h y  TâblSI 1 L i n s t e r  Peak dor e a r e a ,  a f t e r
V J a l 1 d c e ( 1 9 5 3 )  a n d  L i n d s e y  ( 1 9 B 0 ) .
o f  t h e
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Late-Cretaceous age sediments dominate the north part  of the dome, 
w h i le  sediments as young as Upper M iss iss ipp ian  are exposed south of the 
f a u l t .  S t r a t ig ra p h ie  o f f s e t  here is  approximately  450 meters.
Quaternary A l luv ium
Quaternary a l luv ium is  mapped as u n d i f f e re n t ia te d  a l luv ium (Qu) on 
the map o f  the L in s te r  Peak dome (P la te  1) .  These deposits inc lude both 
co l luv ium  and a l luv ium. Talus is  mapped as the rock type of which i t  is 
composed, and contacts covered by ta lu s  are dashed.
PETROLOGY OF THE IGNEOUS ROCKS
Descr ip t ions  f o r  Late-Cretaceous to Eocene igneous rocks of the 
L in s te r  Peak dome are d iv ided  in to  fou r  sec t ions :  f i e l d  occurrence,
mineral composi t ion ,  t e x tu r e ,  and in te r p r e ta t i o n .  Rock u n i t  
d e s c r ip t io n s  are based on f i e l d  observa t ion ,  pétrographie s tud ies ,  and 
x - ra y  d i f f r a c t i o n  analyses.^
MONZONITE PORPHYRY - Fine-Grained
F ie ld  Occurrence
F ine -g ra ined^ ,  gray to brownish-gray monzonite porphyry (P la te  4) 
is  a cap rock on the L in s te r  Peak stock.  At the apex of the dome t h i s  
u n i t  a t ta in s  a maximum th ickness of 215 meters. The upper contact is  
not exposed and the base forms a sub -hor izon ta l  contact w i th  the 
coarse-gra ined phase o f  monzonite porphyry. The contact is  commonly 
i n t r u s i v e ,  although on Cone Butte and parts o f  L in s te r  Peak i t  is  
c l e a r l y  g ra d a t io n a l .  F ie ld  d i s t i n c t i o n  between these two un i ts  is  based 
on the abundance of potassium fe ld spa r  megacrysts; the f in e -g ra in e d  
monzonite porphyry conta ins less than two percent megacrysts whereas the 
coarse-gra ined analogy conta ins more. A grada t iona l  phase con ta in ing  
zero to two percent megacrysts may range from 50 to  75 meters t h i c k .
 ̂ De ta i led  accounts o f  la b o ra to ry  proceedures are f i l e d  in Appendix 1.
^ P re f ixes  f o r  f i n e -  and coarse-gra ined porphyry are used to descr ibe 
phenocryst s ize ,  not groundmass s ize .  Grain sizes used in t h i s  rep o r t  
are: very  coarse = > 8 mm; coarse = 4-8 mm; medium = 2-4 mm; f i n e  = 1-2




A. Fine-grained Monzonite Porphyry
# # #t
B . Coarse-grained Monzonite Porphyry
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The f in e -g ra in e d  monzonite porphyry also occurs as dikes and s i l l s .
Mineral Cons t i tuen ts
Phenocrysts of the f in e -g ra in e d  monzonite porphyry (Table 2) in 
o rder of decreasing abundance, are andesine horn­
blende, b i o t i t e ,  d io p s id ic  a e g i r in e -a u g i te ,  quar tz ,  b i o t i t e ,  and o r th o ­
c lase .  Medium- g ra ined ,  b lack ,  p r ism at ic  hornblende phenocrysts are 
i d e n t i f i e d  as a member of  the h a s t in g s i te  group on the basis of  p leo-  
chroism, 2V, Z A C, and X-ray  pa t te rn .  Hornblende and b i o t i t e  have
reac t ion  rims of f in e -g ra in e d  magneti te and c l inopyroxene. D io p s id ic -
a e g i r in e -a u g i te ,  l i g h t  green in th in  sec t ion ,  c h a r a c t e r i s t i c a l l y  occu­
pies one-ha l f  to one percent o f  the rock.  I t s  unusual occurrence in an 
igneous rock composed p r im a r i l y  of andesine and hornblende is  discussed 
below. Rare, very coarse o r thoc lase megacrysts may reach dimensions o f  
th ree to fou r  cen t im ete rs .  Minor quartz occurs as i n t e r s t i t i a l  anhedral 
gra ins r a r e l y  v i s i b l e  in hand sample. With the exception of groundmass 
qua r tz ,  i t  occupies less than fou r  percent o f  the rock.
Accessory m inera ls  inc lude u b iq u i t io u s  magnetite, as well  as 
sphene, a p a t i te ,  l im o n i t e ,  tou rm a l ine ,  and z i rcon .  Sphene is  very
abundant and unusua l ly  coarse-g ra ined .  With the exception of l im o n i te
and magnet i te ,  a l l  accessory m inera ls  are euhedral and c r y s t a l l i z e d  
e a r ly  in the m e l t .
Table 2









































-2V= 60-65°; ZAC= 
15°, 16°; pleoch- 
roism: x=gold 











prismatic shape is 
charachteristic; 
may be glomero- 
crystic; in upper 













higher re lie f than 
hornblende; plep- 
chroism: x=light 
green, y=light greeti 
2=pale yellow-green 





very pale to ligh t 
green; similar to 
cpx in trachyte, 
syenite
and mafic inclusions; 












low -2V, parallel 
extinction; mod. 
high b i r f r . , birds- 
eye texture, pleo- 
chroic: x=beige to 
ligh t brown, y= 























s t it ia l grains 
are anhedral
-2V=50°-60°;
low (-) re lie f; low
birefringence
sericite Oscillatory zoning; 
rarely interpenet­
ration twins; less 



































brownish cast in 
hand sample; 
groundmass is very 
dark at ch ill 
margins
Accessory minerals include magnetite, sphene, limonite, tourmaline, calcite, apaite, and zircon in order
of decreasing abundance.
* centered bisectrix method, Troger (1959)





L in e a t io n  of p r ism a t ic  hornblende is  common, although on outcrop 
sca le ,  i t s  o r ie n ta t io n  is  too va r ia b le  to map. This l i n e a t io n  is  a t t r i ­
buted to  al ignment o f  phenocrysts dur ing magma flowage.
Mafic in c lu s io n s  are u b iq u i t i o u s ,  and g e ne ra l ly  c o n s t i t u te  one to  
th re e  percent o f  the rock. Predominantly  hornblende, these inc lus ions  
may be rounded or s l i g h t l y  angular.  The ir  f o l i a t i o n  is v i s i b l e  in t h in  
s e c t io n ,  and l o c a l l y  in hand sample. Commonly they show resorbed and 
ass im i la ted  borders, although the adjacent magma shows l i t t l e  v a r i a ­
t i o n .
M ine ra log ica l  tex tu re s  inc lude o s c i l l a t o r y  zoning of p lag ioc lase  
w i th  Ab -r ich  r ims. Hornblende phenocrysts may be zoned and e x h ib i t  r ims 
o f  f in e -g ra in e d  magnetite and c l inopyroxene,  as does b i o t i t e .  Wallace 
(1953) a t t r i b u t e d  these rea c t ion  rims to represent i n s t a b i l i t y  of  hy­
drous minera ls  in a very dry magma. Carmichael and others (1974) a t t r i ­
bute the d i s e q u i l ib r iu m  of  hornblende to a f a i r l y  high temperature, low 
pressure environment. A e g i r in e -a u g i te  c r y s ta ls  are commonly r a t t y - l o o k -  
ing or shat te red .
This l i t h o l o g y  weathers in p la tes averaging 3 to  10 cent imeters  
t h i c k .  A l t e ra t io n  ranging from in c ip ie n t  k a o l in iz a t io n  to pervasive 
ca t io n  leach ing,  s i l i c i f i c a t i o n ,  and p y r i t i z a t i o n  is  more intense near 
the apex of the stock and in te rs e c t io n  of major f a u l t  zones.
In summary, the f in e -g ra in e d  monzonite porphyry is  e a s i l y  recog­
nized by i t s  brownish-gray c o lo r ,  medium- and f in e -g ra in e d  p lag ioc lase
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and p r ism a t ic  hornblende phenocrysts, and dearth of  or thoc lase mega­
c r y s t s .  In t h in  sec t io n ,  hornblende and b i o t i t e  rimmed by magnetite and 
c l inopyroxene is  t y p i c a l l y  observed. The occurrence of anomalous d iop ­
s id i c  a e g i r in e -a u g i te  and sphene is also c h a r a c t e r i s t i c .  F Io w - f o l i a t  ion 
may be observed in hand sample, and p la tey  weathering may be recognized 
in  outcrop.
I n t e r p r e ta t io n
The unusual occurrence of l i g h t  green d io p s id ic  a e g i r in e -a u g i te  and 
anomalous sphene are important fea tures of t h i s  l i t h o lo g y .  Both 
m inera ls  are o p t i c a l l y  id e n t i c a l  to the a e g i r in e -a u g i te  cores and 
coarse-grained sphene of the younger a l k a l i c  t rachy te  and syen ite  po r ­
phyry. The absence o f  rea c t ion  rims on a e g i r in e -a u g i te  ind ica tes  th a t  
i t  is  not in d is e q u i l i b r iu m  w i th  the monzonit ic  magma. E i th e r  i t  rep re ­
sents o r i g in a l  phenocrysts or xenocrysts from a chem ica l ly  compatable 
rock or magma. The c o n s is te n t ,  pervasive occurrence of disseminated 
l im o n i te  is  respons ib le  fo r  the brownish cast  of  the groundmass. I t  
apparent ly  represents a very la te  increase in oxygen fu g a c i t y .
Magnet i te -c l inopyroxene rims on hornblende and b i o t i t e  a t t e s t  to  
the i n s t a b i l i t y  of  these hydrous phases during la te -s tage  c r y s t a l l i z a ­
t i o n .  Hornblende xenocryst and g lomerocrysts ,  o p t i c a l l y  in d i s t i n g u is h ­
able from hornblende in the mafic in c lu s io n s ,  can be seen breaking o f f  
the in c lu s io n s .  P o ss ib ly ,  a l l  of the hornblende in t h i s  rock is a cc i ­
dental or xe n o c ry s t ic .
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In summary, the f in e -g ra in e d  monzonite porphyry magma is  the e a r l i ­
est exposed phase of monzonite porphyry of  the L in s te r  Peak dome. The 
magma c h i l l e d  r a p id l y ,  as a cap rock over the more voluminous coarse­
grained phase. Anomalous d io p s id ic  a e g i r in e -a u g i te  and sphene in d ica te  
th a t  the monzonit ic  magma acquired these minerals  from a l k a l i c  magma 
and/or maf ic  in c lu s io n s ,  both of which are abundant in the area. Horn­
blende was ass im i la ted  as xenocrysts from these in c lu s io n s .  A l a t e -  
stage increase in oxygen fu g a c i t y  represented by u b iq u i t io u s  l im o n i te  is  
probably due to the abundance of meteoric water present in the near­
surface host rocks of the  L in s te r  Peak area or rapid expuls ion of an 
aqueous phase during c h i l l i n g .
MONZONITE PORPHYRY, Coarse-Grained
F ie ld  Occurrence
The l i g h t  to dark gray, coarse-grained monzonite porphyry (P la te  4) 
is  the dominant l i t h o l o g y  o f  the L in s te r  Peak stock. The base of t h i s  
u n i t  is not exposed, but d r i l l  core and topography in d ica te  th a t  the 
stock is  more than 275 meters t h i c k .  Commonly, coarse-grained porphyry 
in t rudes  the o ve r ly ing  f in e -g ra in e d  u n i t  whereas in other areas i t  
grades in to  i t .  Although the coarse-grained porphyry most f re q u e n t ly  
represents the ra th e r  homogeneous "body" o f  the stock, i t  also outcrops 
as d ikes ,  s i l l s ,  and in t r u s i v e  brecc ias.
Mineral Cons t i tuen ts
F ie ld  i d e n t i f i c a t i o n  depends on the occurrence of at leas t  two per­
cent o r thoc lase megacrysts (Table 3) .  Otherwise, the mineral composi­
t i o n  is  analogous to th a t  o f  the comagmatic f in e -g ra in e d  monzonite por­
phyry. Coarse- to medium-grained andesine is the dominant phenocryst.  
Less abundant o r thoc lase  megacrysts reach lengths of e igh t  cen t im ete rs .  
Medium-grained, black hornblende is  the dominant ferromagnesian m ine ra l .  
The stubby hab i t  of hornblende d i f f e r s  from the elongate p r ism at ic  horn­
blende in the f in e -g ra in e d  porphyry, although these hornblende c r y s ta ls  
also e x h ib i t  m agne t i te -c l inopyroxene reac t ion  r ims. D io p s id ic -a e g i r in e -  
augi te  is also present,  although i t  is  s l i g h t l y  more p leochro ic  and 
a l te re d  than in the f in e -g ra in e d  porphyry. The aeg ir ine  component of 
t h is  minera l ranges from 20 to  30 percent,  using methods of Troger 
(1977). Here a lso,  i t  is not c le a r  whether the c l inopyroxene is  an
3 7
T a b le  3
w
CO

















euhedral, blocky + or - 2V = 55°; 
An (42-47) *; 






also, more Ab-rich 
rims; twinning is 






8-10 mm, but 
up to 8 cm
euhedral - 2V= 55°-65°, 
rarely as low as 
12 ; low - re lie f
sericite megacryStic; good 

















15 ,17 ; pleochro- 
ism: x=gold, y= 
green to olive, z= 






b io tite , 
cl inopyrox­
ene
Stubby crystals are 
diagnostic; d if ­
f ic u lt  to discern 
from cpx in hand 
sample, reaction 
rims of magnetite 






1-1.5% fine to med­
ium grained, 
up to 1.5mm
euhedral,blocky +2V=60°; birefring- 
ence=0.25; higher 
re lie f than horn­
blende; pleochroism: 
x=light green, y= 
ligh t green, z= 
pale yellow-green;
Z C= 0-80 , aeg- 





Broken grains; sphene 





0-2% fine-grained euhedral, pseudo­
morphic after 
hornblende
Low -2V; high bire- 
frengence; pleoch­
roism: x=light 
brown, y= brown, 




reaction rims of 










Uniaxial +; re lie f 




As small in te r­
s t it ia l grains, 
abundant in s ilic -  
ified  rock
Groundmass/ 


















Accessory minerals include magnetite, sphene, pyrite, tourmaline, apatite, and Fe-rich chlorite in order of 
decreasing abundances.
* centered bisectrix method, Troaer (1959)




e a r ly  magmatic ferromagnesian mineral or a remnant xer iocryst.  In the 
coarse-gra ined porphyry a l l  ferromagnesian minerals are so a l te red  th a t  
i t  is  impossible to  t e l l  i f  the a e g i r in e -a u g i te  was in d is e q u i l ib r iu m  
w i th  the magma, or a f fec ted  by la te r  d e u t r ic  or hydrothermal a l t e r a t i o n .  
B i o t i t e  and quartz occur in minor amounts.
Accessory m inera ls  inc lude :  magnet i te ,  p y r i t e ,  coarse-grained
sphene, tou rm a l ine ,  and a p a t i te .  Primary p y r i t e  occurs in place of 
magnetite adjacent to in t r u s i v e  con tac ts .  In hydrothermal ly  a l te red  
areas p y r i t e  is  c l e a r l y  secondary, pseudornorphical l y  rep lac ing  horn­
blende.
The groundmass of the coarse-grained porphyry contains t i n y  euhe­
d ra l  c r y s ta ls  of  p la g io c la s e ,  quar tz ,  and potassium fe ld sp a r .
Textures
P a r t i c u la r  hand sample and microscopic tex tu res  are d iagnos t ic  fo r  
the coarse-gra ined porphyry. Flow f o l i a t i o n  is  r e a d i l y  measured on ou t ­
crop scale where or thoc lase  megacrysts are abundant. This f o l i a t i o n  of 
megacrysts and gradual development from f i n e -  to coarse-grained porphyry 
phases c l e a r l y  proves t h e i r  magmatic o r i g i n .  Phenocryst and groundmass 
sizes are g e ne ra l ly  coarser than in the f in e -g ra in e d  u n i t ,  and v a r i a b i l ­
i t y  is  a t t r ib u te d  to loca l  ra tes  of quenching and v o l a t i l e  loss.  In the 
more "quenched" rock, phenocrysts are sm a l l ,  megacrysts and ferromagne- 
sian minera ls  are ra re ,  and the groundmass has a g lassy diaphanous ap­
pearance. Associated p y r i t i z a t i o n  and b re cc ia t io n  is  common. The 
quenched te x tu re  most commonly occurs in dikes and apophyses of coarse­
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grained porphyry, in h ig h ly  f ra c tu re d  and a l te red  f in e -g ra in e d  porphyry, 
or adjacent to skarns.
C h i l le d  zones near contacts  w i th  sandstones and shales conta in 
medium-grained hornblende, dwarfed andesine, coarse, ra the r  than very 
coarse, o r thoc lase  megacrysts, and d i f f e r  from the quenched zones adja­
cent to  skarns. The aphan i t ic  groundmass of the c h i l l e d  v a r i e t y  is  dark 
gray.
As in the f in e -g ra in e d  porphyry, mafic  inc lus ions  are u b iq u i t io u s ,  
averaging one to two percent of  the rock. Their  s ize and shape resemble 
those in the f in e -g ra in e d  porphyry. Again, hornblende c ry s ta ls  may be 
seen "break ing" o f f  o f  the mafic inc lus ions  during a s s im i la t io n .
A l t e r a t i o n  of the coarse-gra ined porphyry is  v a r ia b le ,  ranging from 
m ild  k a o l i n i z a t io n  to pervasive c a t io n - le a c h in g ,  s i l i c i f i c a t i o n ,  and 
p y r i t i z a t i o n .  Orthoclase megacrysts r e s i s t  a l t e r a t i o n ,  a l low ing i d e n t i ­
f i c a t i o n  of t h i s  u n i t  in areas s t ro n g ly  attacked by hydrothermal 
processes.
T y p i c a l l y  t h i s  u n i t  weathers in very th ic k  p la te s ,  s im i la r  to but 
t h ic k e r  than tha t  of  the f in e -g ra in e d  porphyry. General ly  i t  forms bold 
outcrops and c l i f f s ,  and is  much more ré s is te n t  to weathering than the 
f in e -g ra in e d  porphyry.
I n t e r p r e ta t io n
Although the mineral composit ions of the coarse- and f in e -g ra in e d  
porphyr ies  are near ly  i d e n t i c a l ,  several tex tu res  in d ica te  tha t  c e r ta in  
processes were unique or more dominant in one phase. Orthoclase
42
megacrysts, rare  in the f in e -g ra in e d  porphyry,  probably represent the 
e f fe c ts  of  water sa tu ra t io n  and continued c r y s t a l l i z a t i o n  below the tem­
pera tu re  o f  c r y s t a l l i z a t i o n  o f  f in e -g ra in e d  cap. Anomalous d io p s id ic  
a e g i r in e -a u g i te  and coarse-gra ined sphene occur in both l i t h o l o g ie s ,  
although in the coarse-gra ined phase the c l inopyroxene is more hydro- 
th e rm a l ly  or d e u t e r i c a l l y  a l te re d .  I f  magma mixing is  respons ib le  fo r  
these c r y s ta ls  i t  occurred p r io r  to emplacement o f  the L in s te r  Peak 
s tock. The p a r a l l e l  occurrence of mafic inc lus ions  in both l i t h o lo g ie s  
also represents an e a r ly  event. Acc identa l  hornblende r e s u l t in g  from 
p a r t i a l  a s s im i la t io n  of these inc lus ions  has a f fec ted  both rock types.
Processes unique to the coarse-grained phase incluoe extensive con­
ta c t  metamorphism and in te rn a l  hydrothermal a l t e r a t i o n .  Skarns and 
p y r i t i z e d  leached zones form where the coarse-grained porphyry in trudes 
l imestones and f in e -g ra in e d  porphyry, r e s p e c t iv e ly .  Gold, s i l v e r ,  and 
copper m in e ra l i z a t io n ,  as well  as f l u o r i t e ,  p y r i t e ,  and quartz ,  are 
in troduced in to  the host rock in many instances. C le a r ly ,  the coarse­
gra ined porphyry was able to develop an independent f l u i d  phase, un l ike  
the f in e -g ra in e d  porphyry.
In summary, the coarse-gra ined porphyry formed from the same magma 
as the f in e -g ra in e d  impermeable cap rock, which allowed the 
coarse-gra ined phase to  accumulate water and v o l a t i l e s .  L o c a l ly ,  rapid 
decompression produced quenches phases, contact metasomatism, and 
hydrothermal a l t e r a t i o n .
LATHES
F ie ld  Occurrence
B lue-gray ,  phenocryst-poor l a t i t e s  occur r a r e l y  in the L in s te r  Peak 
dome as d ikes ,  and are not ind ica ted  on the map as an independent map 
u n i t .  They form a minor but unique l i t h o lo g y  in the mixed monzonite 
porphyry u n i t ,  rep resent ing  a t h i r d  comagmatic phase of the L in s te r  Peak 
s tock .  L a t i t e s  commonly b recc ia te  contacts l o c a l l y  where they in t rude  
the f in e -g ra in e d  monzonite porphyry.
Mineral Cons t i tuen ts
The minera ls  noted in hand sample are s im i la r  to those of the f i n e ­
grained monzonite porphyry or the quenched coarse-grained porphyry. 
Medium- to  f in e -g ra in e d  hornblende phenocrysts and f in e  p lag ioc lase 
m ic r o l i t e s  appear to f l o a t  in a glassy diaphanous b lue-gray groundmass. 
Commonly hornblende is replaced by c h l o r i t e  or p y r i t e ,  and p lag ioc lase  
i s  replaced by c lays .
Texture
The l a t i t e s  have the appearance of a r a p id ly  quenched vo lcan ic  
magma. These rocks are c l e a r l y  i n t r u s i v e ,  and in te rp re te d  to have 
c h i l l e d  r a p id l y  in the hypabyssal environment.  I n c ip ie n t  phenocryst 
growth in the l a t i t e s  encourages one to i n te rp re t  them as a r a p id ly  
quenched phase o f  the monzonite magma. A dd i t iona l  chemical analyses are 
necessary to v a l id a te  t h i s  assumption. Large, f o l i a t e d ,  angular mafic 
x e n o l i th s  are abundant in the u n i t  and reach dimensions of 20 by 25
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c e n t im e te rs .
I n t e r p r e t a t i o n
L a t i t e s  appear to be a minor, l a te ,  comagmatic phase of monzonite 
porphyry.  Presumably, t h i s  magma in truded f o r c e f u l l y  from a deep, 
h ig h ly  molten magma, through f ra c tu re s  and other zones of weakness in 
the c r y s t a l l i z i n g  monzonit ic  s tock .  I t  brecc ia ted host rocks and 
quenched r a p id l y  in a hypabyssal environment. Unrelated o r ig in s  of t h i s  
magma seem u n l i k e l y ,  but should be considered u n t i l  f u r t h e r  chemistry 
demonstrates a genet ic  r e la t io n s h ip  to the more abundant monzonit ic 
phases.
MONZONITE PORPHYRY, Mixed Unit
General D esc r ip t ion
On the map, the monzonite porphyry-mixed u n i t  represents a complex 
zone of multiphase in t ru s io n s  which occurs at the in te rs e c t io n  of the 
N5°W and N75*-80*E s t r u c tu r a l  t rends .  At leas t  three phases o f  comag­
matic  monzonite porphyry magmas u t i l i z e d  th is  weak zone in f ine -g ra in e d  
monzonite porphyry as a conduit  f o r  anastamosing dikes and apophyses of 
coarse-gra ined porphyry, in t r u s iv e  brecc ia ,  and l a t i t e s .  Intense con­
temporaneous or p o s t - in t r u s io n  hydrothermal a l t e r a t io n  fu r th e r  compli­
cates the geologic  p ic tu re  in t h i s  area.
Remnant host rocks in t h i s  zone are a l te red  f ine -g ra in e d  porphyry 
and t h i c k l y  bedded gray l imestone stope blocks. Coarse-grained porphy­
r ie s  in truded these host rocks,  producing dikes and apophyses from the 
cen t ra l  magma chamber below. Intense metasomatism, inc lud ing  p y r i t i z a ­
t io n  and s i l i c i f i c a t i o n ,  accompanied these in t ru s io n s .  Commonly brec­
c ia t i o n  also occurred. Host-rock metasomatism, in t ru s iv e  b re c c ia t io n ,  
and quenched tex tu res  in the in t ru d in g  l i t h o lo g ie s  a t te s t  to the tremen­
dous release of pressure and v o l a t i l e s  which accumulated in the magma 
chamber below the c r y s t a l l i z e d  f in e -g ra in e d  porphyry cap. A l l  f i n e -  and 
coarse-gra ined porphyry contacts  in t h i s  area are in t r u s iv e .  L a t i te s  
here are c l e a r l y  younger than the f in e -g ra in e d  porphyry, but t h e i r  r e l a ­
t io n s h ip  to  the coarse-gra ined porphyry is unc lear .
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F rac tu r in g  and poss ib le  splay f a u l t i n g  o f f  the major N75-80°E 
normal f a u l t  s t r u c t u r a l l y  deformed the area a f te r  c r y s t a l l i z a t i o n  of the 
l a t i t e s  and coarse-gra ined porphyry magmas. Late-stage quar tz -  
p y r i t e - f 1u o r i t e ,  c a l c i t e - p y r i t e - f l u o r i t e ,  and quartz veins c r y s t a l l i z e d  
in  f ra c tu re s  produced a f t e r  a l l  monzonite magmas c ry s ta l  1iz e d . E a r l ie r  
q u a r t z - p y r i t e  ve in ing  is  contemporaneous w i th  metasomatism from 
decompression o f  the coarse-gra ined porphyry.
Poor exposure and the small scale of these geologic features 
re q u i re  tha t  t h i s  u n i t  be mapped as a "mixed zone". For purposes of 
t h i s  study, the exact dimensions of these small i r r e g u la r  in t r u s iv e  
bodies are f a r  less s i g n i f i c a n t  than the type and sequence of events in 
t h i s  area, summarized as fo l lo w s :
1) I n je c t i o n  o f  e a r ly  f in e -g ra in e d  monzonite porphyry.
2) F rac tu r ing  o f  c r y s t a l l i z e d  f in e -g ra in e d  porphyry, emplacement of 
coarse-gra ined porphyry dikes and in t r u s iv e  brecc ias,  q u a r tz -p y r i te  
ve ins ,  and contemporaneous metasomatism.
3) Contemporaneous or l a t e r  emplacement o f  l a t i t e s .
4) F ra c tu r in g ,  in tense hydrothermal a l t e r a t i o n ,  and la te -s tag e  
ve in ing  (p o ss ib ly  very l a t e ) .
Thus, t h i s  complex area resu l ted  from in t ru s io n  and a l t e r a t i o n  in a 
zone of weakness throughout the h i s to r y  of stock emplacement. Located 
at the in te r s e c t io n  of a shear zone and the major f a u l t  zone, t h i s  weak 
area appears to have c o n t ro l le d  magmatic a c t i v i t y  and hydrothermal 
a l t e r a t i o n  and m in e ra l i z a t io n  in the E a r l y - T e r t i a r y .
MAFIC INCLUSIONS IN MONZONITIC ROCKS
F ie ld  Occurrence
Mafic in c lu s ion s  occur in a l l  igneous rocks of the L in s te r  Peak 
dome, but they are p a r t i c u l a r l y  abundant in the c a lc -a l k a l i n e  l i t h o l ­
og ies .  In these rocks they account f o r  0.2 to  2 percent of  these rocks, 
and range in s ize from sub-microscopic to f i f t e e n  cent imeters long. A l ­
though commonly rounded to subrounded, the occurrence of angular f r a g ­
ments in d ica te s  tha t  o r i g i n a l l y  these inc lus ions  were c r y s t a l l i n e  c la s ts  
(P la te  5 ) .
Id e n t ic a l  in c lu s io n s  occur in syen i t ic -m onzon i te  porphyry of the 
White Cow in t r u s io n  o f  the nor thern  L i t t l e  Rockies, about e igh ty  miles 
to  the no r th .  There, the mineral contents and tex tu res  of inc lus ions  
match mafic layers of gneisses in exposed Precambrian basement rocks 
(Roemmel, 1982), This suggests tha t  inc lus ions  in the L in s te r  Peak 
stock could also be remnants o f  Precambrian gneisses.
Mineral Cons t i tuen ts
Hornblende, apparen t ly  h a s t in g s i t e ,  occas iona l ly  w i th  fe r ro p a r -  
ga s i te  cores, accounts f o r  f o r t y - f i v e  to n in e t y - f i v e  percent of  the i n ­
c lus ions  (Table 4 ) .  I t  is  in d is t in g u is h a b le  from the hornblende of the 
magma by o p t ics  or x - ra y  d i f f r a c t i o n .  Andesine is abundant commonly, 
and potassium fe ld sp a r  and quartz  are minor or lack ing .  Co lor less to 
l i g h t  green d iops ide occurs in a few samples. T i t a n o b io t i t e  or r a r e ly  




A. M a f i c  I n c l u s i o n s  i n  M o n z o n i t i c  Rocks
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B. M a f i c  I n c l u s i o n s  i n  A l k a l i n e  Rocks
Table 4
MAFIC INCLUSIONS IN  MONZONITIC ROCKS
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14 -19 ; pleochroism; 
x = l ig h t -g o ld , y= 
green, z = o l iv e  brown, 
green, or rust-brown; 
moderate b i r e f r in g ­
ence; e x t in c t io n  




a u g ite , 
brown b ie- 
t i t e  or t i t ­
an o b io t i te ,  
magnetite, 
carbonate, 
chi o r i  te
Commonly well 
fo l ia te d ;  ra re ly  
linea ted ; often has 
b a rkev ik ite  cores 
and has t ings ite  
rims; grains may 
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f r e e - f lo a t i  ng; 
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+ 2V = 55-60°; ZAC = 
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x= l ig h t-g re e n , y= 
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in c lined  e x t in c t io n  
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90 cleavage angles; 
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subhedral + or - 2V=50°-60°; 
Y A 010=18-20°; 
XA010= 38°*; 
low b ire fr ingence
carbona te , 
ka o l in i  te , 
s e r ic i te
Not zoned; occais- 
io n a l ly  a lb i te  
tw ins; broken c rya ta ls  
may be found in 
adjacent magma
Ti tanobio- 
t i t e ,  brown 
o io t i  te / 
black
0-4% f  i ne-






small -2V; p leo­
chroism; x=colorless 
to beige, y = l ig h t  
brown to red-brown, 
z= dark-brown to 
(lark-red-brown; 
b i rd 's  eye texture
not
observed
A1tera t ion  of 
hornblende and 
inc lus ions in horn­
blende; may be 
f o l i a  ted
Carbona te / 
whi te
0-5% f in e ­
grained
in t e r ­
s t i t i a l
small -2V; e > w; 
dolomite: e b isects 
60 twin angle, 




I n t e r s t i t i a l ,  la te -  
stage gra ins ; a l te ra t io n  
of hornblende and 
p lagioclase
Potassium
fe ldspa r /
white
0-4% f in e -  to 
med i um- 
grai ned, 





va r iab le  -2V; 
low b ire fre ingence ; 
low { - )  r e l i e f
not observ­
ed
medi um-gra ined 
and sparse in 
monzonitic hosts
Accessory minerals, in order of decreasing abundanc are: magnetite, sphene, quartz, a p a t i te ,  
and ra re ly  epidote and garnet
* centered b is e c t r ix  method (Troger, 1959)
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lable 4 : Detailed descr ip tion  of mafic inc lus ions in monzonitic rocks
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Coarse-grained sphene dominates the accessory mineral assemblage, f o l ­
lowed by magnet i te ,  a p a t i te ,  and r a r e ly  garnet.
In comparison, some Precambrian gneisses exposed in the northern 
L i t t l e  Rockies conta in  mafic  and f e l s i c  layers of  s im i la r  mineral con­
t e n t .  Mafic layers are dominantly  hornblende which is  o p t i c a l l y  in d is ­
t in g u is h a b le  from hornblende in the L in s te r  Peak mafic inc lus ions  and 
c a l c - a l k a l i n e  igneous rocks.  These dark layers also conta in andesine, 
quar tz ,  and potassium fe ld s p a r .  F e ls ic  layers also are composed of  
qu a r tz ,  andesine, and potassium fe ld sp a r ,  but lack the hornblende.
Thus, the mineral assemblages o f  the mafic inc lus ions  in the L in s te r  
Peak dome and the nor thern L i t t l e  Rockies, as well as gneisses exposed 
in the northern  L i t t l e  Rockies, are too s im i la r  to over look. S im i la r  
tex tu re s  discussed below fu r t h e r  support a genetic  r e la t io n s h ip .
Textures
Hornblende and b i o t i t e  are f o l i a t e d  in most o f  the mafic inc lus ions  
from the L in s te r  Peak dome and the northern  L i t t l e  Rockies, as well  as 
the Precambrian gneisses. Only r a r e l y  is  t h i s  f o l i a t i o n  recognized in 
hand samples o f  L in s te r  Peak in c lu s io n s .  But, w i th the aid of a m icro­
scope, f o l i a t i o n  of hornblende and b i o t i t e ,  as well as alignment of 
c r y s ta l l o g ra p h ic  axes f o r  quar tz ,  p lag io c lase ,  and potassium fe ld sp a r  
can be observed. C le a r ly ,  the p re fe r red  o r ie n ta t io n  and mineral content 
of  these in c lu s io n s  demonstrate a reg ional metamorphic h is to ry  fo r  these 
x e n o l i t h s .  React ion rims o f  c l inopyroxene and magneti te are abundant on 
the edges o f  the ho rnb lende-r ich  mafic in c lu s io n s ,  and resemble those o f  
the hornblende and b i o t i t e  c r y s ta ls  f l o a t i n g  f re e  in the magma.
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I n te r p r e ta t io n
A s s im i la t io n  o f  basement xe n o l i th s  by monzonit ic  magmas of L in s te r  
Peak may be observed in many stages. Hornblende, b i o t i t e ,  and sphene 
c r y s ta ls  are frozen in p lace,  p a r t i a l l y  dis lodged from the in c lu s ion s .  
Nearby, f r e e - f l o a t i n g  c r y s ta ls  and glomerocrysts suggest tha t  much, i f  
not a l l  o f  the hornblende, b i o t i t e ,  and sphene in the monzonit ic  rocks 
are xenocrysts from in c lu s ion s  or r e s t i t e s .  I f  so, the o r ig in a l  magma 
composit ion was le u c o c ra t ic  monzonite or quartz-monzonite with anomalous 
d io p s id ic  a e g i r in e -a u g i te .
Although the magmas were c l e a r l y  in f luenced by the mafic in c lu ­
s ions,  l i t t l e  evidence supports tha t  the reverse r e la t io n s h ip  ex is ted .  
Reaction rims o f  c l inopyroxene and magneti te surround the inc lus ions  
where magma contacts hornblende or b i o t i t e ,  but these reac t ion  products 
do not permeate the i n t e r i o r  o f  the in c lu s io n .  Andesine in the cores 
may be pr imary or secondary. F a in t l y  twinned, weakly o r ie n te d ,  and 
homogeneous, they resemble fe ld spa r  in r e g io n a l l y  metamorphosed rocks, 
u n l ike  t h e i r  s t ro n g ly  twinned and zoned magmatic analogues.
Thus, the presence o f  mafic xe n o l i th s  in the monzonit ic  magmas pro­
found ly  in f luenced the mineral composit ions of the magmas. Reaction 
rims around hornblende and b i o t i t e  in d ica te  tha t  these hydrous minerals 
ex is ted  in d i s e q u i l i b r iu m  w i th  the dry  magma p r io r  to c r y s t a l l i z a t i o n .
The s im i la r  mineral contents o f  hornblende-andesine-orthoclase- 
quartz  monzonite porphyr ies o f  L in s te r  Peak to  hornblende-andesine- 
quartz  gneisses of loca l  basement te r r a in s  s t ro n g ly  suggest th a t  these 
x e n o l i th s  are acc identa l  c la s ts  or r e s t i t e  inc lus ions  of the under ly ing 
c ru s ta l  rocks.
ALKALI-SYENITE PORPHYRY
F ie ld  Occurrence
L ig h t  gray T e r t i a r y  a l k a l i - s y e n i t e  porphyry is  considered the 
coarse-gra ined equ iva len t  o f  the a l k a l i - t r a c h y t e  u n i t .  These two l i t h ­
o log ies  e x h ib i t  re la te d  s p a c ia l ,  temporal,  and m inera log ica l  cha rac te r ­
i s t i c s ,  al though sub t le  chemical d i f fe ren ces  e x i s t .  Four major occur­
rences o f  t h i s  rock type inc lude :  the l a c c o l i t h i c  body in the no r th ­
eastern par t  of the dome, the a l te red  and autobrecciated plug near Log 
Gulch, the th ic k  s i l l s  on the southeastern part  o f  the dome, and small 
d ikes which cut f i n e -  and coarse-gra ined porphyry (P la te  1). The 
a l k a l i - s y e n i t e  porphyry is  c l e a r l y  younger than the monzonite yet i t  
appears to be s l i g h t l y  o lder  as well  as contemporaneous w ith  i t s  f i n e ­
grained co u n te rpa r t ,  the a l k a l i - t r a c h y t e .
Mineral Cons t i tuen ts
The c h a r a c te r i s t i c  rock- fo rm ing minerals  of the al k a l i - s y e n i t e  por­
phyry (Table 5) inc lude the fo l lo w in g  v a r i e t i e s ,  in order of decreasing 
abundances: san id ine ,  a e g i r in e -a u g i te  and aegerine, a n a lc i te ,  melan i te
garne t ,  and carbonate. High-temperature san id ine,  the dominant mineral 
phase, comprises 75 to  80 percent o f  the rock. X-ray d i f f r a c t i o n  peaks 
support pétrograph ie  i d e n t i f i c a t i o n  of t h i s  potassium fe ld sp a r ,  and 
in d ic a te  th a t  s i g n i f i c a n t  a l b i t e  (molecule) is  trapped in the sanid ine 
l a t t i c e .  A e g i r in e -a u g i te  and a e g i r ine ,  present in lesser amounts, 
e x h ib i t  a c h a r a c t e r i s t i c  p r ism a t ic  form. The phenocryst cores range in 
composit ion from d io p s id ic  a e g i r in e -a u g i te  to ae g i r ine ,  yet in a l l  cases
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2V = 10-14°; 
low {-) re lie f;  
tabular form
late-magmatic 
alt. to neph- 
îline & carbon­
ate; sericite
excellent trachitic texture: 
replacement by nepheline; 
sanidine accounts for 


















uniaxial Jf-) or (+) 
2V= 55-85°; ZAC  ̂
av. 88 in rims, Sf 
to 35 in cores
not observed zoned; aegerine-rich 
rims, some augite cores. 
Total phenocryst composit­
ion ranges from aegerine- 












nod. (-) re l ie f;  
no twinning
not observed
occurs as small phenocrysts, 
sanidine replacement, 
with carbonate in amygdal- 
oidal fillings^ and in te r­









in t.s. is golden- 
brown; high granul­
ar re lie f
not observed
may exhibit zoning or 













with 1-4% aenerine, 
2-5% nepheline not observed
trachitic alignment of 
sanidine; sanidine and 
nepheline may be inter- 
grown; miarolitic cavities 
up to 3mm long.
Accessory minerals in order of decreasing abundance are: magnetite, sphene, carbonate, apatite, and zircon.
Table 5 : Detailed description of Tertiary alkali syenite porphyry cnw
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the rims are a e g i r in e .  This zonat ion ,  coupled w i th  the presence of 
a e g i r ine  needles in the c h i l l e d  groundmass, a t te s t  to the increasing 
p e r a l k a l i n i t y  o f  the magma w i th  continued c r y s t a l l i z a t i o n .  A n a lc i te  
ranges from 1 to  8 percent o f  the rock as i n t e r s t i t i a l  g ra ins ,  rep lace­
ment o f  san id ine ,  and w i th  carbonate in amygdaloidal f i l l i n g s .  Other 
minor and accessory m inera ls  inc lude abundant magneti te and euhedral 
sphene and lesser coarse-gra ined euhedral a p a t i te ,  carbonate, and z i r ­
con. The groundmass cons is ts  of a f in e  mat o f  sanidine la ths ,  aeg i r ine  
needles, and subhedral i n t e r s t i t i a l  a n a lc i te .
Textures
The a l k a l i - s y e n i t e  porphyr ies e x h ib i t  c la s s ic  t r a c h y t i c  o r ie n ta t io n  
o f  sanid ine p la tes  (P la te  6 ) .  Rarely ves ic les  and amygdules, up to  
th ree  m i l l im e te r s  long, f la t t e n e d  p a r a l le l  to the f o l i a t i o n ,  are ob­
served in hand sample and th in  sec t ion .  The amygdaloidal f i l l i n g s  are 
zoned, w i th  a n a lc i te  rims and carbonate cores. Mafic inc lus ions  are 
u b iq u i t i o u s ,  as in the other igneous rocks of the dome. The magma shows 
signs o f  v io le n t  emplacement on ly  in the a l k a l i - s y e n i t e  porphyry plug. 
This plug experienced extens ive  hydrothermal a l t e r a t io n ,  au tobrecc ia-  
t i o n ,  and ve in ing ,  e i t h e r  coeval w i th  or a f te r  i t s  c r y s t a l l i z a t i o n .  I t  
in truded e x p lo s iv e ly ,  b re c c ia t in g  host rocks at the contacts .  These 
d e s t ru c t iv e  processes have o b l i t e ra te d  a l l  o r i g in a l  tex tu res  except the 
t r a c h i t i c  ha b i t  o f  the r é s i s te n t  sanid ine phenocrysts. Other a l k a l i -  
syen i te  porphyry masses show no sign of exp los ive  a c t i v i t y  or a l t e r a ­




B .  A l k a l i -Trachyte with miarolitic cavities
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I n t e r p r e t a t i o n
Zoned amygdules w i th  a n a lc i te  rims and carbonate cores suggest th a t  
the magma contained a la te  a l k a l i - r i c h  water and carbonate vapor phase. 
The lack of e a r ly  magmatic hydrous minerals  and igneous contact  haloes 
suggest th a t  the magma was also undersaturated w ith  water u n t i l  the very 
la s t  stages of c r y s t a l l i z a t i o n ,  although i t  may have contained abundant 
c a rb o n -d io x ide. The amygdules could also be post-magmatic c a v i t y  
f  i 11 in g s .
High temperature sanid ine and m i a r o l i t i c  c a v i t i e s  suggest th a t  the 
a l k a l i - s y e n i t e  porphyry and a l k a l i - t r a c h y t e  magmas c r y s t a l l i z e d  in the 
hypabyssal environment at an approximate t h e o r i t i c a l  minimum temperature 
o f  675° C, above the a l k a l i  fe ld spa r  solvus fo r  r e l a t i v e l y  dry magma 
(Bowen and T u t t l e ,  1950). Since the magma was presumably undersaturated 
w i th  water,  at leas t  u n t i l  the la s t  stages, the s c a rc i t y  of  le u c i te  is 
a t t r i b u te d  to a magma temperature below 1,150° 20° C (Scha ire r  and
Bowen, 1955). The t r a n s i t i o n  of the c l inopyroxene phase from a e g i r in e -  
aug i te  to aeg i r ine  ind ica tes  the increasing p e r a l k a l i n i t y  of the magma 
w ith  continued c r y s t a l l i z a t i o n .  Presumably, an a lc i te  and carbonate 
amygdaloidal f i l l i n g s  a t te s t  to the existence of a vapor-phase r ic h  in 
a l k a l i s  and carbonate, w i th  minor water and s i l i c a ,  the a n t i t h e s is  o f  
the s i l i c a - w a t e r - r i c h  f l u i d  phase of the coarse-grained monzonite 
porphyry.
ALKALI-TRACHYTE
The d i s t i n c t i v e  a l k a l i - t r a c h y t e s  have been p re v io us ly  described as 
t in g u a i t e s  (Weed and P i r r s o n ,  1987; Wallace, 1953; K in na i rd ,  1979).
Many do e x h ib i t  t y p ic a l  t i n g u a i t i c  te x tu re  and mineral character 
(S0renson, 1974). Other rocks o f  the same su i te  to  not conta in 
abundant fe ld spa tho ids  or show the t y p ic a l  green co lo r  of  the c la s s ic  
t i n g u a i t e .  In an e f f o r t  to use a more precise and w ide ly  understood 
name, these rocks are c a l le d  a l k a l i - t r a c h y t e s .
F ie ld  Occurrence
Gray to green a l k a l i - t r a c h y t e s  (Table 6) occur only  as d ikes ,  
s i l l s ,  and small i r r e g u la r  in t r u s iv e  masses on the L in s te r  Peak dome 
and are found to c ross -cu t  a l l  o ther igneous l i t h o lo g ie s ,  except minor 
r h y o l i t i c  in t r u s i v e  b recc ias .  A lk a l i - t r a c h y te s  are most abundant in the 
nor theastern  part  o f  the dome, near the plug and l a c c o l i t h i c  body of 
a l k a l i - s y e n i t e  porphyry. A vague, ra d ia l  pat tern of a l k a l i - t r a c h y t e  
dikes in te rs e c ts  at the a l k a l i - s y e n i t e  porphyry plug (P la te  1) ,  yet  i t  
is  unclear i f  they o r ig in a te d  contemporaneously from the same magma as 
the plug or used e a r l ie r - fo rm e d  ra d ia l  f ra c tu re s .  Regardless, the two 
l i t h o lo g ie s  are near ly  id e n t i c a l  in mineral and chemical co n s t i tu e n ts  
and age.
The geologic map shows on ly  dikes of considerable s ize .  The width 
of these dikes is s l i g h t l y  exagerated on the map. Generally they range 
in width from s ix  to ten meters. Many smal ler  dikes e x is t  tha t  do not 
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trachitic alignment of 
sanidine laths and 
aegerine needles, 
rapidly chilled
Accessory minerals in order of decreasing abundance are: magnetite, sphene, carbonate, apatite, and zircon.




Mineral Cons t i tuen ts
The a l k a l i - t r a c h y t e s  are composed of san id ine,  ae g i r in e -a u g i te  to 
a e g i r in e ,  melan ite garnet ,  a n a lc i te ,  and r a r e ly  pseudoleucite.  Tabular 
san id ine phenocrysts are coarse- to  very coarse-gra ined. Zoned aeg ir ­
in e -a u g i te  w i th  d io p s id ic  a e g i r in e -a u g i te - r i c h  cores and aeg i r ine  rims 
in d ic a te  the increas ing  p e r a l k a l i n i t y  of  the magma with increasing 
c r y s t a l l i z a t i o n .  Minor a n a lc i te  occurs as la te -s tage  f i l l i n g  in 
m a r i o l i t i c  c a v i t i e s  and f ra c tu re s .
Accessory m inera ls  inc lude carbonate, magnet i te ,  sphene, and apa­
t i t e .  Sphene may form unusual ly  large cigar-shaped c ry s ta ls  up to  1.2 
m i l l im e te r s  long, as in the p re v io us ly  mentioned c a lc -a l k a l i n e  l i t h o l o ­
g ies ,  Rarely,  f ra c tu re d  p lag ioc lase  and orthoclase xenocrysts occur in 
the gray d ikes .
Textures
A lk a l i - t r a c h y t e s  of the L in s te r  Peak dome are e a s i l y  recognized by 
the e x c e l le n t  t r a c h y t i c  te x tu re  of white sanid ine phenocrysts in a dark 
green or gray aphan i t ic  groundmass (P la te  6 ) .  Occas iona l ly  sanidine 
phenocrysts are lack ing or present in on ly t race amounts. In dikes and 
s i l l s ,  f o l i a t i o n  o f  sanid ine is  p a r a l le l  to contact surfaces, grading to 
a more i r r e g u la r  o r i e n ta t io n  away from the contac ts .
U b iq u i t io us  mafic  in c lu s ion s  are less abundant in the a l k a l i -  
t rachy tes  than the monzonit ic  magmas, apparent ly  due to grea te r  assimi­
l a t i o n  by the h igher temperature a lk a l in e  magmas, or a smaller o r ig in a l  
number of  in c lu s io n s  present.  Inc lus ions  of f i n e -  and coarse-grained 
porphyry a t t e s t  to  the younger age o f  the a lk a l in e  magmas.
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M i a r o l i t i c  c a v i t i e s  occur in many dikes and s i l l s ,  and are commonly 
l ined  w i th  a n a lc i te  and c a l c i t e  (P la te  6 ) .  A l te ra t io n  of these dikes is 
ra re ,  except near the in te rs e c t io n  of the major east-west and minor 
no r th -sou th  f a u l t  and shear zones.
A l k a l i - t r a c h y t e  dikes and s i l l s  weather to th in  f r i a b l e  plates 
adjacent to  contacts  and accumulate carbonate in the f r a c tu re s ,  Cal­
c i t e ,  nea r ly  always present,  could be late-magmatic or secondary.
I n te r p r e ta t i o n
The a l k a l i - t r a c h y t e  dikes and s i l l s  of the L in s te r  Peak dome in ­
truded a f t e r  c r y s t a l l i z a t i o n  of the monzonite porphyry stock and a l k a l i -  
syen i te  po rphyr ies ,  but p r i o r  to young phases of hydrothermal a l te ra t io n  
along the east-west f a u l t .  D iagnost ic  c h a ra c te r i s t i c s  in hand sample 
are sanid ine and a e g i r in e -a u g i te  phenocrysts in an aphan i t ic  gray to 
green groundmass. Melan i te  garnet is d iagnos t ic  in th in  sec t ion,  and 
c a l ic h e  weathering occurs on outcrops.  Gray dikes with less pe ra lka l ine  
m inera ls  and p lag ioc lase  and or thoc lase xenocrysts apparently 
experienced contamination by mixing w i th  monzonit ic magmas or 
a s s im i la t io n  of monzonit ic  rocks.
MAFIC INCLUSIONS IN ALKALINE ROCKS
F ie ld  Occurrence
Mafic  inc lus ions  in a lk a l in e  rocks o f  the L in s te r  Peak dome are 
less abundant than in the monzonit ic  rocks. They may occupy zero to one 
percent o f  the t o t a l  rock, and range in size from s ing le  grains to 
in c lu s io n s  30 cent imeters  long. They are always rounded, and show 
g rea te r  degrees of a s s im i la t io n  than t h e i r  c a l c -a l k a l i n e  counterparts 
(P la te  5) .  Due to the in f luence  o f  the a lk a l in e  magmas, i t  is impos­
s ib le  to  c o r re la te  these mafic inc lus ions  with the inc lus ions  in the 
monzonite porphyry or w i th  Precambrian gneisses.
Mineral Cons t i tuen ts
As in the f o l i a t e d  gne iss ic  in c lu s io n s ,  the dominant mineral phase 
of the mafic in c lu s io n s  (Table 7) is  hornblende (h a s t in g s i te  in so l id  
s o lu t io n  w i th  f e r r o p a r g a s i t e ) . D io p s id ic -a e g i r in e -a u g i te  is abundant in 
la rge g ra ins ,  commonly broken. In comparison, hornblende is very f resh 
and euhedral,  B i o t i t e  occurs adjacent to or w i th in  hornblende. Sani­
dine la ths  and carbonate needles permeate the inc lus ions  and give the 
appearance of a "groundmass" te x tu re .  A c tu a l ly ,  t h i s  "groundmass" is 
near ly  id e n t i c a l  to the groundmass of the surrounding a l k a l i c  rocks. 
Sphene is  minor or absent, but a p a t i te  and p y r r h o t i t e  or magnetite are 
abundant accessory m inera ls .
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ra re ly  lineated; grains 
are only in inclusions; 
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Un l ike  the inc lus ions  in monzonit ic  rocks, hornblende in these in ­
c lus ions  is  not f o l i a t e d .  In d iv id u a l  grains do not f l o a t  f ree  in the 
a l k a l in e  magma, and c l inopyroxene-magnet i te  reac t ion  rims are not 
present.  E v id en t ly  the o r i g in a l  minera ls  of  the inc lus ions  have been 
comple te ly  ass im i la ted  by the high temperature a lk a l in e  magmas, ra the r  
than remaining as xenocrysts .
I n t e r p r e ta t i o n
I t  is  poss ib le  th a t  the mafic inc lus ions  in the a lk a l in e  rocks are 
metasomatized equ iva len ts  o f  the inc lus ions  in the monzonit ic rocks. 
D i f fe rences  in mineral content and tex tu re  preclude any accurate estima­
t io n  of t h e i r  o r i g i n .  I t  is  impossible to d e f i n i t i v e l y  i d e n t i f y  these 
in c lu s io n s  as basement c la s ts ,  r e s t i t e s ,  or o c e l l i .
INTRUSIVE CONTACT RELATIONS
The in t r u s iv e  contact  r e la t io n s h ip s  in the L in s te r  Peak dome are 
unique to the in a iv id u a l  l i t h o l o g ie s ,  although the trends fo r  the ca lc -  
a l k a l in e  and a lk a l in e  l ineages are fo l lo w  cons is ten t  t rends. V a r ia b i ­
l i t y  in these trends seem to be a fu n c t ion  o f :  moae of in t ru s io n ,  co o l ­
ing r a te ,  and v o l a t i l e  con ten t .  Specfic  te x tu re s ,  mineral c o n s t i tu e n ts ,  
con tac t  zone w id ths ,  and " type"  loca t ions  are summarized in Table 8.
Monzonite Porphyry
Presumably the i n i t i a l  phase o f  monzonite porphyry in the L in s te r  
Peak stock in truded the ove r ly ing  sedimentary package pass ive ly ,  approx­
im a te ly  600 to  1,000 meters below the Late-Cretaceous ground surface. 
This p o rp o h y r i t i c  rock formed a f in e -g ra in e d ,  c h i l l e d ,  cap rock which 
extended at leas t  150 to  210 meters below the upper in t ru s iv e  contact .  
C la s t ic  sediments are unaffected or s l i g h t l y  baked at the f i n e -  grained 
porphyry contacts and l imestone ro o f  pendants are of ten r e c r y s ta l l i z e d ,  
but r a r e l y  metasomatized. One narrow skarn was noted on the summit o f  
L in s te r  Peak.
C h i l le d  tex tu res  and lack of b re cc ia t ion  and metasomatic contacts 
in d ic a te  th a t  the f in e -g ra in e d  monzonite porphyry c h i l l e d  ra p id ly  and 
contained almost no apprec iable v o l a t i l e - r i c h  gas or l i q u id  phase.
On the o ther hand, the coarse-gra ined monzonite porphyry in truded 
more v i o l e n t l y  and contained a v o l a t i l e - r i c h  vapor phase. Coarse­
grained porphyry contacts  w i th  l imestone roo f  pendants and stope blocks 
produced f ra c tu re d ,  f in e -g ra in e d ,  m inera l ized  skarns l o c a l l y  r ic h  in
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Table 8: INTRUSIVE CONTACT RELATIONSHIPS
TEXTURE
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copper, go ld ,  s i l v e r ,  and f l u o r i n e .  Minor areas of b recc ia ted ,  s i l i c i -  
f i e d  l imestone replaced by s p h a le r i te  and galena also occur. These con­
ta c t  zones have been prospected on L in s te r  Peak since the tu rn  of the 
cen tury .
Contacts where the coarse-gra ined porphyry has in truded the f i n e ­
grained porphyry are complex. The t y p ic a l  three to f i f t e e n  meter con­
t a c t  zone e x h ib i t s  leaching of calcium and sodium and patchy s i l i c i f i c a ­
t io n  and p y r i t i z a t i o n  of both l i t h o l o g ie s .  Commonly these two l i t h o l ­
ogies can on ly  be d is t in g u ish e d  by the occurrence o f  coarse-grained or-  
thoc lase megacrysts in the l i m o n i t i c  and clayey matr ix  of the coarse­
grained porphyry. Coeval q u a r t z - p y r i t e ,  quartz-magnet i te ,  and quartz-  
f l u o r i t e  veins and v e in le t s  commonly occur in the f ine -g ra ined  porphyry 
w i th in  f i f t e e n  meters of  the con tac t .  Apparent ly  the coarse-grained 
monzonite in truded f o r c e f u l l y  and ca r r ied  a minor s i  1 i c a -m e ta l - f lu o r in e -  
w a te r - r ic h  phase.
The few exposed l a t i t e  contacts are always brecciated and c h i l l e d  
or quenched. The l a t i t e s  may ca r ry  mixed c la s ts  of monzonite porphyry, 
carbonate _+ c l a s t i c  sediments, maf ic  rocks and ra re ly  massive p y r i t e .  
This la te  phase, comagrnatic w i th  the other monzonite phases, in truded 
f o r c e f u l l y ,  quenched r a p id l y ,  and may have contained a s i l i c a - r i c h  vo la ­
t i l e  phase. I n t r u s i v e  brecc ias in the L in s te r  Peak stock contain a 
quenched, megacryst-bear ing or l a t i t i c  m a t r ix .  From the s ty le  of i n t r u ­
s ive contact  r e la t io n s h ip s  in the monzonite porphyry phases, there ap­
pears to be a t ime c o r r e la t i v e  r e la t io n s h ip  between the age of the mag- 
rnatic phase and the v o l a t i l e  content and fo rce  of emplacement. An
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increase in these trends can be noted in the fo l lo w in g  chronologica l 
sequence, from o ldes t  to youngest:  f in e -g ra in e d  porphyry, coarse­
grained p o rp h y ry - in t ru s iv e  b r e c c i a - l a t i t e ,  and q u a r t z - p y r i t e - f l u o r i t e  
v e in s .
The A lk a l i n e  Rocks
The exposed a lk a l in e  l i t h o lo g ie s  of the L in s te r  Peak dome are hypa- 
byssal and f in e -g ra in e d .  Host sedimentary and monzonit ic rocks are 
r a r e l y  e f fec ted  by these r a p id l y  c h i l l e d  a lk a l in e  magmas.
A l k a l i - t r a c h y t e  dikes and s i l l s  occas iona l ly  show breccia ted con­
t a c t s ,  but almost always conta in  rounded, f l o a t in g  c la s ts  of t h e i r  host 
l i t h o l o g y .  The fo r c e fu l  mode of emplacement, coupled with the occur­
rence of ca rb o n a te -ze o l i te  l ined m a r i o l i t i c  c a v i t ie s  support the 
conclusion tha t  at low pressures these magmas probably contained a vapor 
phase con ta in ing  a l k a l i e s ,  water,  and carbon-d iox ide.
In summary, the contact  re la t io n s h ip s  in the monzonite porphyry 
comagrnatic phases show a s i g n i f i c a n t  t rend toward increasing force of 
emplacement and s i l i c a - w a t e r - m e t a l - v o l a t i l e - r i c h  phases with t ime.
A l k a l i c  magmas contained a separate vapor phase at hypabyssal le ve ls ,  
more c a rb o n a te - r ich .
MINERALIZATION
I n t ro d u c t io n
Gold, s i l v e r ,  copper, and molybdenum prospect ing has been ac t ive  
i n t e r m i t t e n t l y  on the L in s te r  Peak dome fo r  near ly  a century.  Jack Lee 
i n i t i a t e d  in te re s t  in the area in the la te  1890's, s h o r t l y  a f te r  the 
d iscovery  of gold in the nearby Gil tedge d i s t r i c t .  Exp lora t ion since 
the 1970's has concentrated p r im a r i l y  on copper and molybdenum, and less 
on gold and s i l v e r .  Bear Creek Mining Co., Mine-Finders, In c . ,  Gulf  
Resources, I n c . ,  Earth Resources, In c . ,  and Asarco, Inc. have explored 
w i th  modern prospect ing methods of geologic mapping, s i l t ,  s o i l ,  and 
rock -ch ip  sampling, and d r i l l i n g .  P la te  1 shows the d r i l l  hole s i t e s ,  
a d i t s ,  and prospect p i t s .
The re s u l t s  o f  t h i s  study have del ineated three major types of 
m in e ra l i z a t io n  in the L in s te r  Peak area, in c lu d in g :  porphyry-type
degassing occurrences, l imestone and skarn-hosted contact occurrences, 
and la te  hydrothermal ve ins .  They are discussed below in context of 
lo c a t io n ,  mineral assemblages, s t r u c tu ra l  c o n t ro l ,  metal values, and 
economic p o te n t i a l .
M in e ra l i z a t io n  R esu l t ing  from Porphyry-Type Degassing
The core of the L in s te r  Peak stock shows evidence of degassing f o l ­
lowing emplacement of the s tock.  These la te  magmatic products were 
v o l a t i l e - r i c h ,  p y r i t i c ,  s i l i c e o u s  magmas. The coarse-grained porphyry 
i n t r u s i v e  brecc ias ,  d ike s ,  and ro o f  zone produced extensive hydrothermal 
a l t e r a t i o n ,  s i l i c i f i c a t i o n ,  p y r i t i z a t i o n ,  and commonly m in e ra l iz a t io n
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and ca rb o n a t iza t io n  of f in e -g ra in e d  porphyry host rocks.
The Landheim, K i rb y ,  and Edwards Creek prospects (P la te  2) d isp lay  
t h i s  c h a r a c te r i s t i c  a l t e r a t i o n  and m in e ra l iz a t io n .  The dominant hydro- 
thermal mineral assemblage is p y r i t e ,  c h a lc o p y r i te ,  f l u o r i t e ,  quartz ,  
c a l c i t e ,  m a lach i te ,  a z u r i t e ,  l im o n i te ,  and ra r e ly  sp h a le r i te  and galena. 
Copper-bearing m inera ls  may be absent.
The sub -ho r izon ta l  i n t r u s i v e  contact between the f i n e -  and coarse­
grained monzonite porphyry is  p r o p y l i t i c a l l y  to a r g i l l i c a l l y  a l te re d ,  
p y r i t i z e d ,  and s i l i c i f i e d  in the core o f  the stock. Q u a r tz -p y r i te  and 
quartz -magnet i te  veins and v e in le ts  in the over ly ing  f ine -g ra ined  por­
phyry in d ica te  th a t  s i l i c e o u s  meta l-bear ing f l u i d s  f i l l e d  unoriented 
f ra c tu re s  produced by h y d ro f ra c tu r in g  or con trac t ion  of the c h i l l  cap. 
East-west alignment of o ther veins is probably f a u l t - c o n t r o l l e d .  A l t e r ­
a t ion is concentrated in an east-west zone along the major normal f a u l t ,  
and in a north -sou th  zone along the major shear of the dome. The most 
in tense a l t e r a t i o n  occurs at the in te rs e c t io n  of these two zones, the 
K i rb y  prospect (F igure  8 ) .  Apparent ly ,  s t ru c tu ra l  zones of weakness in 
the L in s te r  Peak stock c e n t ra l i z e d  a l te r a t io n  and m in e ra l iza t io n  o f  t h is  
type (P la te  3 ) .
Copper, molybdenum, lead, z inc ,  go ld ,  and s i l v e r  values from s i l t ,  
s o i l ,  rock ch ips ,  and d r i l l  core chips are ava i lab le  fo r  many of these 
occurrences on the L in s te r  Peak dome (R i fe ,  pers. comm., 1981). For the 
Landheim and Euwards Creek prospects,  the ranges of rock-ch ip  and core­
ch ip  values are l i s t e d  below. Anomalously high values are less than 
f i v e  percent of  the t o t a l  range.
FIGURE 0 : SKETCH OF THE KIFBY PROSPECT PIT 
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Metal Values from In t r u s iv e  Breccias and Dikes 
(Landheim and Edwards Creek Prospects)
Values in ppm 
(R i fe ,  pers.  comm., 1981)
Cu Mo Zn Au Ag
Tr-4200 4-225 5-110 Tr-0 .07 .015-0.4
Values fo r  t i n  and tungsten are extremely  low. F luor ine  values range 
from 0.1 to  0.44 weight percent.
A l l  o f  the above-mentioned occurrences are products of  decompres­
sion in the monzonit ic  magmas. A s im i la r  type of occurrence is  present 
in  the a lk a l in e  rocks. The a l k a l i - s y e n i t e  porphyry plug e x h ib i t s  brec­
c ia ted  con tac ts ,  in tense hydrothermal a l t e ra t io n  and a u to b re cc ia t io n , 
and a l te r a t io n  o f  the adjacent monzonite porphyry. Two d r i l l  cores, 240 
meters and 440 meters r e s p e c t iv e ly ,  were sampled and analyzed fo r  cop­
per,  lead, go ld ,  and s i l v e r  wi th the fo l lo w in g  re s u l t s .
Metal Values from the A lk a l i -S y e n i te  Porphyry Plug
Values in ppm 
(R i fe ,  pers. comm., 1981)
Cu Mo Pb Au Ag
20-5533 1-625 30-180 0.1-0.23 0 .3 -4 .4
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With the except ion o f  the a l k a l i - s y e n i t e  porphyry plug, a l l  of the 
major porphyry- type a l t e r a t i o n  and m in e ra l iz a t io n  in the L in s te r  Peak 
dome is  a product o f  the monzonit ic  stock.
Thus, presumably h ig h ly  compressed v o l a t i l e - r i c h  magma from the 
i n t e r i o r  o f  the coo l ing  monzonite porphyry v i o l e n t l y  intruded the over- 
ly in g  f in e -g ra in e d  porphyry c h i l l  cap and sediments. These in t ru s io n s  
are concentrated along p re v io u s ly  e x is t in g  zones o f  s t ru c tu ra l  weakness. 
Although the magmas quenched r a p id l y ,  m e ta l l i f e ro u s ,  h i g h l y - s i 1iceous 
f l u i d s  invaded the host rock pe rvas ive ly  and in d isc re te  veins. These 
metasomatic processes produced m inera l ized in t ru s iv e  breccias, extensive 
hydrothermal a l t e r a t i o n ,  s i l i c i f i c a t i o n ,  and p y r i t i z a t i o n .
E f fo r t s  to su c c e s s fu l ly  locate a copper-molybdenum or molybdenum 
ta rg e t  in the L in s te r  Peak dome have been unsuccessful.  The lack of 
severe hydrothermal a l t e r a t i o n ,  as wel l  as sporadic metal values and 
d iscourag ing d r i l l  hole data, in d ic a te  tha t  i f  a porphyry-type ore body 
e x i s t s ,  i t  l i e s  at cons iderab le  depths. A lso, discouraging is the low- 
s i l i c a ,  m i l d l y  a lk a l in e  chemistry  of the monzonite porphyry which is not 
compatable w ith  cu r re n t  composi t ional categor ies of moybdenum porphyry 
depos i ts  (Westra and K e i th ,  1981; Mutschler and o thers ,  1981). Despite 
the poor molybdenum p o te n t ia l  o f  the L in s te r  Peak stock, i t  is  possib le 
th a t  m in e ra l i z a t io n ,  re la te d  to a more d i f f e r e n t i a t e d  body, l i e s  at 
depth.
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Limestone- and Skarn-Hosted Contact Occurrences
Limestone- and skarn-hosted contact m in e ra l iz a t io n  occurs in stope 
blocks and roo f  pendants of Madison(?) l imestone and a s i l t y  l imestone 
o f  the Big Snowy Group. Skarns f i f t e e n  to s i x t y  meters th ic k  are 
c h a r a c t e r i s t i c a l l y  a product of  in t ru s io n  by the coarse-grained 
porphyry, as in the Lucky S t r i k e ,  Landheim, and Kirby prospects (Plate 
2 ) .  Contact metasomatism is  minor to absent at f ine -g ra ined  porphyry 
con tac ts .  The skarn at the Scout prospect was found where an 
a l k a l i - t r a c h y t e  u n i t  in truded a s i l t y  l imestone of the Big Snowy Group.
Mineral assemblages of t h i s  contact metamorphic environment are 
dominated by ep idote group m inera ls ,  p i s t a c i t e ,  or c l i n o z o i s i t e ,  wi th 
lesser c a l c i t e ,  do lom ite ,  c h l o r i t e ,  p y r i t e ,  ch a lco p y r i te ,  and quartz.  
Specular hematite may occur in l imestone nearby. This low-grade 
assemblage represents a low temperature and pressure environment 
con s is ten t  w i th  the a lb i te -e p id o te  ho rn fe ls  fa c ie s .
The on ly  s t r u c tu r a l  con tro l  of t h i s  m in e ra l iza t io n  is  the random 
placement of  stope b locks ,  ro o f  pendants ins ide the stock, and breccia 
pipes, both ins ide  and per iphera l  to  the L in s te r  Peak stock. Metal 
values from the Landheim, K i rb y ,  Lucky S t r i k e ,  and Scout prospects are 
l i s t e d  below.
Metal Values in Skarns 
Values in ppm and oz/ ton 
(R i fe ,  pers. comm., 1981)
_Cu • Au M
70-140 ppm 12-40 ppm 0.02-0 .3  oz/ ton ??
76
Massive galens and "b la c k - ja c k "  and " r e s in - ja c k "  sp h a le r i te  replace 
brecc ia ted  and s i l i c i f i e d  l imestone. This "h igh-grade" is  found only in 
ore dumps at the Golden Jack and K i rb y  prospects.
Thus, desp i te  the low molybdenum and copper values of the skarn- 
hosted m in e ra l i z a t i o n ,  gold values here are the highest of the L in s te r  
Peak dome. The h ighest  skarn-hosted gold values occur at contacts be­
tween coarse-grained porphyry and presumed Madison l imestone. The con­
ta c t  between the contaminated a l k a l i - t r a c h y t e  and the Heath formation 
l imestone conta in lower gold values.
In con t ras t  to  the molybdenum ta rg e ts ,  skarn-hosted gold occur­
rences may have p o te n t ia l  f o r  small ore bodies. Although the volume of 
exposed skarns in l imestone roo f  pendants and stope blocks is smal l,  the 
in t r u s iv e  contact between the Madison l imestone and monzonite porphyry 
probably  l i e s  at access ib le  depths. U n fo r tuna te ly  a l l  d r i l l i n g  has been 
ta rge ted  fo r  porphyry- type m in e ra l i z a t io n .
A con tac t-hos ted  gold ta rg e t  is also appealing in l i g h t  o f  nearby 
ore bodies c u r r e n t l y  in p roduc t ion .  Gold in the Spotted Horse Mine in 
the southeastern Jud i th  Mountains, and the Kendall Mine in the North 
Moccasin Mountains, appears re la te d  to contacts between the Madison 
l imestone and s y e n i t i c ,  m onzon i t ic ,  or r h y o l i t i c  in t ru s iv e  bodies. In 
l i g h t  of  i n te r e s t in g  gold values as high as 0.3 ounce per ton,  and near­
by con tac t - typ e  ore bodies, the skarn-hosted gold occurrences of the 
L in s te r  Peak dome hold the g rea tes t  p o te n t ia l  fo r  sm a l l -  to moderate­
sized economic depos i ts .
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Late-Stage Veins
Late-s tage q u a r t z - p y r i t e - f 1u o r i t e  and c a r b o n a te - p y r i t e - f l u o r i t e  + 
quartz _+ c h a lc o p y r i te  veins c ross -cu t  a l l  monzonit ic rocks exposed on 
the L in s te r  Peak dome but show no evidence tha t  they are g e n e t ic a l l y  
re la te d .  Old ad i ts  f o l l o w  these veins in the Golden Jack and Lucky 
S t r i k e  prospects.  Massive barren quartz veins occur along Edwards Creek 
and in the a l k a l i - s y e n i t e  porphyry plug (P la te 3) .
The cons is ten t  o r i e n ta t i o n  o f  these minera l ized veins is  N80*E to 
N75*W and N7*W, con s is ten t  w i th  the dominant east-west f a u l t  and nor th -  
south shear in the area. These veins f i l l e d  open f rac tu re s  a f te r  f a u l t ­
ing of c r y s t a l l i z e d  f i n e -  and coarse-grained porphyry. D r i l l  core e v i ­
dence ind ica tes  th a t  some c a r b o n a te - p y r i t e - f 1u o r i te  vein ing post-dates 
c r y s ta l  1 i z a t io n  of al k a l i - t r a c h y te s  and la te  r h y o l i t e  breccia pipes.
The q u a r t z - p y r i t e - f l u o r i t e  veins may be dominantly magmatic in 
o r i g i n .  They correspond well  w i th  the quartz ,  p y r i t e ,  and f l u o r i t e  
in troduced by la te -s ta g e  in t r u s i v e  breccias and dikes. On the other 
hand, the c a r b o n a t e - p y r i t e - f 1u o r i t e  _+ quartz + cha lcopy r i te  veins appear 
to  have c r y s t a l l i z e d  la te  in the h i s to r y  of the dome. They may repre­
sent p r e c ip i t a t i o n  from ca rb on a te - f lu o r ine -m e ta l -b ea r ing  f l u i d s  derived 
from the under ly ing Paleozoic carbonate rocks. I t  is also conceivable 
tha t  they are a product o f  carbonate remobi l ized from a l te red ferromag- 
nesian m inera ls .  Hal l  (1976) and B a r re t t  (1979) in te rp re t  the carbon- 
a t e - f l u o r i t e  veins in the Jud i th  Mountains to represent c a rb o n a t i t i c  
f l u i d s .  This o r i g i n  is  u n l i k e l y  due to the dearth of  d i s t i n c t i v e  ra re -  
c a r b o n a t i t i c  elements in the veins and the lack of in je c t i o n  tex tu re s .  A
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meteor ic  source derived from heated l imestone and porphyry is much more 
cons is ten t  w i th  other c o n ta c t - re la te d  go ld-bear ing veins and t ra v e r t in e  
depos i ts  of the area. Although considered to be "h igh-grade" gold 
ve ins ,  metal values from these veins are not p resen t ly  ava i la b le .
Late-stage q u a r t z - p y r i t e - f 1u o r i t e  and c a rb o n a te -p y r i t e - f1u o r i te  
ch a lco p y r i te  veins re q u i re  extensive geochemical sampling before t h e i r  
value can be adequately determined. These veins were the ta rge ts  of 
e a r ly  prospectors in the  L in s te r  Peak dome, but in format ion on t h e i r  
volume and q u a l i t y  of  ore is  unava i lab le .  The l im i te d  size and extent 
of these go ld -bear ing  veins would presumably discourage a l l  but the 
independent p rospector .
CHRONOLOGY OF THE IGNEOUS ROCKS
F ie ld  r e la t io n s  o f  the L in s te r  Peak dome and age dates on re la ted  
rocks in the Jud i th  Mountains e f f e c t i v e l y  de l inea te  the sequence of 
igneous events of  the L in s te r  Peak dome. Potassium-argon dat ing (Appen­
d ix  I I )  ana p re l im in a ry  work on rub id ium -s t ron t ium  dating on the L ins te r  
Peak rocks produced anomalous ages which u n fo r tun a te ly  are common in 
dat ing the Jud i th  Mountain rocks (Marvin, pers. comm., 1982).
F ie ld  r e la t io n s h ip s  in d ica te  th a t  the sequence of in t ru s iv e  rocks 
in the L in s te r  Peak dome i s :  f i n e -  and coarse-grained monzonite por­
phyry, a l k a l i - s y e n i t e  porphyry, a l k a l i - t r a c y h t e ,  and r h y o l i t i c  breccias. 
Late-stage c a rb o n a te - f1u o r i t e - p y r i t e  ve in ing is younger than a l l  the 
igneous rocks exposed on the L in s te r  Peak dome and a t t r ib u te d  to a la te r  
hydrothermal event. F ine -  and coarse-grained porphyry are contempora­
neous in age, although the f in e -g ra in e d  c h i l 1-cap c r y s ta l l i z e d  before 
the coarse-grained i n t e r i o r  of the s tock.  The a lk a l i - s y e n i t e  porphyry, 
presumably analogous to Wallace 's  (1953) gray t in g u a i t e ,  apparently 
ex is ted  before and coeval w i th  the a l k a l i - t r a c h y t e s .
Despite the problems of da t ing  the Jud i th  Mountain rocks accurate­
l y ,  Marvin and o thers  (1980) u t i l i z e d  potassium-argon, f i s s io n  t r a c k ,  
ru b id ium -s t ron t ium ,  and uranium-thor ium-lead methods to adequately date 
many igneous events in the Jud i th  Mountains. The "quartz monzonite" 
stock of Black Bu t te ,  adjacent to the L in s te r  Peak stock, apparently 
represents an analogous igneous event. Marvin and others have dated the 
stock at Black Butte as 69 to  6 8  m i l l i o n  years o ld .  This is  compatible
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w ith  o ther  dates f o r  quartz monzonite stocks in the Jud i th  Mountains.
The a lka l  i - s y e n i te  of  Big Grassy Peak was dated at 67 m i l l i o n  years, and 
the t i n g u a i t e  of  C o l la r  Gulch was estimated to be 65 m i l l i o n  years o ld.  
These dates are co n s is ten t  w i th  the in t r u s iv e  re la t io n s h ip s  exposed on 
the L in s te r  Peak dome. Igneous a c t i v i t y  on the L in s te r  Peak dome began 
69 to  6 8  m i l l i o n  years ago w i th  the in t ru s io n  of the monzonit ic  L in s te r  
Peak stock. Presumably, less than two m i l l i o n  years la te r  the a l k a l i -  
syen i te  porphyry in truded the area, immediately fo l lowed by the a l k a l i -  
t ra ch y te s .  Considering the standard dev ia t ion  of the age dates, cooling 
t ime of the magmas, and a perspect ive of geologic t ime, these sequentia l 
events are near ly  contemporaneous. In the perspect ive of the Central 
Montana A l k a l i c  Province, these igneous events belong to the i n i t i a l  
pulse of igneous a c t i v i t y  in the Jud i th  Mountains, as well as a l l  of 
ce n t ra l  Montana (Marvin and o th e rs ,  1980).
CHEMICAL COMPOSITIONS OF IGNEOUS ROCKS
Chemical Analyses and Results
Q u a n t i ta t i v e  whole-rock and trace-e lement analyses were performed 
on igneous rocks of the L in s te r  Peak dome to examine the chemical r e l a ­
t io n s h ip  between the a lk a l in e  and c a lc - a l k a l i n e  v a r i e t i e s .  Nineteen 
samples were analyzed f o r  major and minor oxides by q u a n t i ta t iv e  x - ra y  
f luo rescence ,  atomic absorp t ion ,  and wet chemical methods. Rubidium, 
s t ron t ium ,  z i rconium, niobium, and y i t t r i u m  were also analyzed by x - ra y  
f luo rescence .  Averages o f  major and minor oxide percents and t race 
elements in parts per m i l l i o n  are l i s t e d  in Table 9. Ind iv idua l  
analyses are l i s t e d  in Appendix I .
Marker v a r ia t io n  diagrams proved the most useful in examining geo­
chemical t rends in the fou r  major rock types: f ine -g ra ined  porphyry,
coarse-gra ined porphyry,  a l k a l i - s y e n i t e  porphyry, and a lk a l i - t r a c h y t e  
(Figures 9 and 10). C o n s is te n t ly ,  the Marker p lo ts  of the c a lc -a lk a l in e  
and a lk a l in e  rocks o f  the L in s te r  Peak dome produce c lu s te rs  of poin ts 
in d i s t i n c t  domains. The a lk a l in e  rocks are enriched in a l k a l i s ,
aluminum, t i t a n iu m ,  rub id ium, s t ron t ium ,  and zirconium and depleted in
s i l i c a  and calcium r e l a t i v e  to the c a lc -a l k a l i n e  rocks. No perceptable 
d i f fe re n c e s  were noted fo r  t o t a l  i r o n ,  manganese, phosphorous, y i t t r i u m ,  
or niobium.
The s l i g h t l y  e r r a t i c  and in con s is ten t  trends in both su i tes  fo r  
magnesium, ca lc ium, and t o t a l  i ron  defeated attempts to incorporate
r e s u l t s  of  these elements in te rn a ry  p lo t s .  This may be due whol ly  or
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TABLE 9: WHOLE ROCK
Rb/Sr, AND 
Zr ,  Y, Nb ANALYSES
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(Mean of 4) 
White Cow 
In t rus ion
(4)Oxi de*
Tota l  Tmpf 







L i t t T
Rockies
S i0 2 63.90 63,27 60.73 58.33 65.50
Al 2 ^ 3 17.64 18.15 17.83 19.25 17.73
1 1 0 2 0.38 0.39 0.51 0.49 0.30
F 6 20 3 2.19 1.95 2.62 2.47 1.63
FeO 2.58 2.08 2.35 2.55 1.87
MgO 1.15 0 . 6 8 0.77 0.75 2.67
MnO 0 . 1 2 0.15 0.13 0.14 0.09
CaO 4.32 4.30 3.10 1.98 0.76
Na?0 4.23 4.85 4.92 5.29 4.45
K,0 3.73 4.09 7.37 8 . 6 6 4.91
P 2O5 0.13 0 . 1 0 0 . 1 2 0.08 0 . 1 0
(ppm) (ppm) (ppm) (ppm)
Rbt# 107 113 182 178
Srt# 591 679 706 564
Zr t 193.1 220.9 247.4 285.6
Yt 2 2 . 0 24.6 25.0 12.4
Nbt 16.4 21.7 23.2 16.9
Rb/Srt# 0.18 0.16 0.25 0.31
Fe2 0 3 /Fe0# 0.84 0.93 1 . 1 0 0.96
(ppm)
^ U n iv e rs i t y  o f  Oregon + Washington State - Pullman 
tU.S. Geolog ica l Survey 
# U n iv e rs i t y  o f  Oregon
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in par t  to  v a r ia b le  composit ions and abundances of p a r t l y  assimilated 
mafic  in c lu s ion s  and hornblende xenocrysts.  The assumption tha t  a l l  o f  
the hornblende in the monzonit ic  rocks is accessory, e i th e r  in xeno l i ths  
or xenocrys ts ,  requ i res  a re -e s t im a t io n  of t h e i r  o r ig in a l  chemical con­
s t i t u e n t s .  Table 10 d isp la ys  the impact of  the hornblende c ry s ta ls  on 
the whole-rock composit ion of the coarse-grained porphyry. Six percent 
hornblende c ry s ta ls  in the coarse-grained monzonite account f o r  100  per­
cent of the magnesium, 47 percent of  the t o t a l  i r o n ,  15 percent of the 
calc ium, and less than 8  percent of  the t o ta l  s i l i c a ,  aluminum, and 
a l k a l i s .  Thus, a hyp o th e t ica l  uncontaminated magma would be s l i g h t l y  
enriched in s i l i c a ,  aluminum, sodium, and potassium, and no t iceab ly  
depleted in i r o n ,  magnesium, and calc ium; a le u c ra t i c  quar tz -syen i te  or 
quar tz -m onzon i te .
Chemical Evidence Against  Generation From a Common Source Magma
Plo ts  of  chemical v a r i a t i o n  of c a l c -a l k a l i n e  and a lka l ine  rocks of 
the L in s te r  Peak dome are incompatable with present theor ies  of d i f f e r ­
e n t i a t i o n .  Marker diagrams, p lo t te d  with major oxides versus SiO^, 
in d ica te  the i n f e a s i b i l i t y  of  v o l a t i l e  t r a n s fe r ,  magma im m isc ib i1 i t y ,  
c r y s ta l  s e t t l i n g ,  and l imestone a s s im i la t io n  to produce these two rock 
types from a common magma.
Accepted enrichment trends st imula ted by v o l a t i l e  t ra n s fe r  in both 
experimental and na tu ra l  systems requ i re  a contemporaneous enrichment of 
s i l i c a ,  a l k a l i s ,  and halogens ( H i ld r e th ,  1979; Burnham, 1979) con t ra ry  
to the L in s te r  Peak t ren ds .  The expected dep le t ion of i ron  and
8 6
TABLE 10
Percent Major Oxides Acounted fo r  by Hornblende Inc lus ions 
and "Xenocrysts" in Coarse-Grained Monzonite Porphyry
Percent Major 





Percent Major Oxides 
in  TmpC Accounted 
f o r  by 6 % Hornblende 
in  Inc lus ions ,  
Glomerocrysts, and 
Free F loa t ing
S i0 2 48.0 63.3 4.5
Al 2O3 8.7 18.2 2 . 8
FeO 16.4 2 . 1 47.1
MgO 11.5 0.7 98.6
CaO 10.9 4.3 15.1
Na20 1.4 4.9 0 . 0 2
K2O 1 . 1 4.1 0 . 0 2
H2O 2 . 1 — — — —
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magnesium do not accompany a l k a l i  enrichment in the a l k a l i - t r a c h y te s  and 
a l k a l i - s y e n i t e  po rphyr ies .  Furthermore, both a lka l in e  and c a lc - a l k a l i n e  
magmas were o r i g i n a l l y  q u i te  dry.  One would not expect a dry magma to 
r e s u l t  from d i f f e r e n t i a t i o n  u t i l i z i n g  v o l a t i l e  t r a n s fe r .  Also, the oc­
currence of two d i f f e r e n t  v o l a t i l e  compositions fo r  these su i tes  is  not 
cons is ten t  w i th  t h i s  concept of d i f f e r e n t i a t i o n .
The enrichment of  andesine and quartz in the c a lc -a l k a l i n e  rocks 
and the san id ine ,  a e g i r in e -a u g i te  and melanite in the a lka l in e  rocks 
cannot be expla ined by c rys ta l  s e t t l i n g .
The unusual combination of a lka l i -en r ichm ent  and s i l i c a  dep le t ion  
discourages cons idera t ion  of magma immisc ib i1 i t y  as the d i f f e r e n t i a t i o n  
mechanism between the two igneous su i tes  of the L in s te r  Peak dome. Lack 
o f  s i g n i f i c a n t  enrichment trends in t i ta n iu m ,  phosphorus, and iron f u r ­
the r  d iscount t h i s  theory  of d i f f e r e n t i a t i o n  fo r  the L in s te r  Peak a lka­
l i n e  and c a l c - a l k a l i n e  rocks. Furthermore, the chemical con s t i tue n ts  of 
the two magmas do not place them in an im m isc ib i le f i e l d  depicted by 
V isser and Koster Van Groos (1979) or Freestone (1978). Daly ’ s hypothe­
s is  of  l imestone a s s im i la t io n  (1910) was used by Wallace (1952) to 
exp la in  the generat ion o f  younger a l k a l i c  rocks from older c a lc - a l k a l i n e  
rocks in the Jud i th  Mountains. This mechanism is no longer believed 
capable o f  producing composit ional changes in s ig n i f i c a n t  volumes of 
magma (G i t te n s ,  1979; Hyndman, 1981).
Chemical p lo ts  f o r  the range of c a lc -a lk a l in e  rocks of the Jud i th  
Mountains (F igure  11) in d ic a te  tha t  a d i s t i n c t  trend of t y p ic a l  c a lc -  
a l k a l in e  d i f f e r e n t i a t i o n  occurs with increasing time and s i l i c a
8 8
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percentages. These t y p ic a l  c a l c - a l k a l i n e  t rends are not compatible with 
a hypo the t ica l  a l k a l i - t r a c h y t e  -  a l k a l i - s y e n i t e  porphyry - monzonite 
porphyry " t re n d "  th a t  might be construed from the Marker p lo ts .
On the Marker p lo t s ,  commonly a l k a l i - s y e n i t e  porphyry, in termediate 
in  age, l i e s  on a l i n e  between the two end members. In a l l  cases i t  is 
most c lo s e ly  l inked to  the a l k a l i - t r a c h y t e s .  This in termediate po s i t io n  
suggests e i t h e r  a genet ic  r e la t io n s h ip  or magma mixing to exp la in  the 
p o s i t io n  o f  the a l k a l i - s y e n i t e  p lo t s .  Minor contamination of the a lka­
l i n e  magma by a small volume of  monzonit ic  magma could produce the 
chemical trends e xh ib i te d  by the a l k a l i - s y e n i t e  porphyry. Coexistence 
in space and time fu r t h e r  support t h i s  p o s s i b i l i t y .  The preferred 
exp lanat ion of magma mix ing ra th e r  than d i f f e r e n t i a t i o n  to produce the 
a l k a l i - s y e n i t e  magma is  also supported by the lack of any exp l icab le  
d i f f e r e n t i a t i o n  mechanism to produce t h i s  rock type from a monzonit ic 
p a re n t ,
Thus, chemical evidence ind ica tes  tha t  the a lka l in e  and c a lc -a lk a ­
l in e  magmas of  the L in s te r  Peak dome developed independently. Permis­
s ive  evidence does suggest th a t  the a l k a l i - t r a c h y te  magma was s l i g h t l y  
contaminated by the c a l c - a l k a l i n e  magma, producing the a l k a l i - s y e n i t e  
porphyry. The occurrence of in te rmed ia te  rock types elsewhere in the 
Jud i th  Mountains supports vary ing degrees o f  magma mixing (Wallace, 
1953). Contemporaneous evo lu t io n  of two magmatic sui tes in an area of 
loca l  c ru s ta l  tens ion and basement f a u l t i n g  are cons is ten t  with chemical 
evidence o f  magma mix ing.
ORIGINS OF THE LINSTER PEAK MAGMAS
O r ig in  o f  the C a lc -A lk a l in e  Magma
The monzonit ic  rocks of the L in s te r  Peak dome are the e a r l i e s t  
ser ies  of in t r u s i v e  rocks in the Jud i th  Mountains. Their  age and 
chemical composit ion in d ic a te  tha t  they are the most p r im i t i v e  rocks of 
the Jud i th  Mountain c a l c - a l k a l i n e  s u i te .
C u r re n t ly  accepted theo r ies  f o r  the genesis of monzonit ic magmas 
po in t  to  mantle and c ru s ta l  o r i g i n s .  A mantle source fo r  the monzonit ic 
magmas involves d i f f e r e n t i a t i o n  of a f e l s i c  magma from mantle-derived 
b a s a l t i c  parent.  The te c to n ic  environment, chemical composit ion, and 
lack of exposed b a s a l t i c  m ate r ia l  c o l l e c t i v e l y  d is c re d i t  t h is  theory in 
the Jud i th  Mountains. C a lc -a lk a l in e  magmatisni re s u l t in g  from d i f f e r e n ­
t i a t i o n  of a b a s a l t i c  magma commonly occurs in a cont inenta l  arc set­
t i n g .  Yet in the  E a r l y - T e r t i a r y ,  the con t inen ta l  arc existed about f i v e  
hundred k i lom ete rs  west o f  the Jud i th  Mountains (B u rc h f ie ls ,  1979; L ip-  
man and o th e rs ,  1972). The small q u a n t i t y  of  igneous rocks in the 
Jud i th  Mountains discourages a mantle-plume type mechanism fo r  genera­
t io n  of magmas as w e l l .
The chemical composit ions of the L in s te r  Peak monzonite are s ig n i ­
f i c a n t l y  lower than b a s a l t i c  d i f f e r e n t i a t e s  of equiva lent  s i l i c a  con­
te n t  (Carmichael and o the rs ,  1974). I f  a l l  o f  the hornblende is  xeno- 
c r y s t i c  and these elemental comparisons are even less compatable. The 
lack of mafic  rocks exposed at the surface in the Jud i th  Mountains is 
s i g n i f i c a n t .  Since the monzonit ic  rocks are f a i r l y  dry, one
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would expect th a t  a b a s a l t i c  parent magma would also be dry. A water- 
undersaturated basa l t  should be able to breach the surface p r io r  to  
c r y s t a l l i z a t i o n .  The lack o f  s p a t i a l l y  associated mafic rocks, incom- 
patable geochemical values, and inappropr ia te  te c to n ic  environment, d i s ­
courage cons ide ra t ion  of a mantle o r ig in  fo r  the c a lc -a lk a l in e  rocks of 
the L in s te r  Peak dome.
Crusta l a s s im i la t io n  by the a lk a l in e  magmas to produce the monzon­
i t i c  magmas is  also u n l i k e l y .  C a lc -a lka l in e  l i t h o lo g ie s  are s i g n i f i ­
c a n t l y  more voluminous, and the degree of c rus ta l  ass im i la t ion  required 
is  extremely la rge .  The heat required to melt t h is  quan t i ty  of mater ia l  
would induce rap id  c r y s t a l l i z a t i o n ,  prooably in the mesozonal or cata- 
zonal environment. Although th is  mechanism cannot produce the monzon­
i t i c  rocks,  minor contaminat ion of the o r ig in a l  a lka l in e  magmas may have 
occurred.
Crusta l sources f o r  the monzonit ic  rocks appear more favorab le than 
mantle o r i g i n s .  Composit ion o f  the monzonites and quartz monzonites (or 
hypo th e t ica l  leuco-monzonites) of  the Jud i th  Mountains are compatable 
w i th  composit ions of p a r t i a l  melts  from p iag io c lase -o r tho c la se -qu a r tz -  
bearing rocks. P a r t ia l  m e l t ing  of c rus ta l  gneisses requires decreasing 
pressure, increas ing temperature, or the add i t ion  of v o la t i l e s ;  
con d i t ion s  which may apply to cen t ra l  Montana during the 
Late-Cretaceous. A decrease in pressure may accompany tens ional  fo rces.  
Basement block f a u l t i n g  should have also d ra m a t ica l ly  reduced pressures 
l o c a l l y  in the c ru s t .  Hyndman (1981) notes tha t  release of pressure by 
f r a c t u r i n g  may i n i t i a t e  magmatism w i thou t  a change in temperature or
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(see Figure 12). Some anomalous heat f low  is  t y p ic a l  of tensional 
areas, reg iona l  or loca l  tens ion in cen t ra l  Montana may have resu l ted in 
an Late-Cretaceous -  E a r l y - T e r t i a r y  heat f low  greater than the average 
c ru s ta l  va lue .  Coeval, mant le-der ived a lk a l in e  magmas may also have 
increased heat f lo w  due to  b a s a l t i c  underp la t ing .  The low water compo­
s i t i o n s  of the monzonit ic  rocks of the Judith Mountains suggest tha t  
v o l a t i l e s  did not p lay a s i g n i f i c a n t  ro le  in t h e i r  genesis, although 
small amounts of  r i s i n g  v o l a t i l e s  from the early-formed a lka l in e  magmas 
may have con t r ibu ted  to  anatex is .  Thus, the expected pressure increase, 
temperature increase, and possib le  minor c o n t r ib u t io n  of v o la t i l e s  i n d i ­
cate th a t  p a r t i a l  m e l t ing  o f  the qua r tzo fe ldspa th ic  basement gneisses is 
a l i k e l y  o r i g i n  f o r  the L in s te r  Peak stock. The composition of the 
basement rock,  temperature, pressure, and v o l a t i l e  cons t i tuen ts  would 
determine the oepth o f  magma generat ion.  The abundance of p a r t l y  as­
s im i la te d  f o l i a t e d  hornblende xe n o l i th s  could be r e s t i t e  fragments, or 
la te r -a s s im i la te d  in c lu s io n s .  Heat and v o la t i l e s  from the contempora­
neous a lk a l in e  magmas may have con t r ibu ted  s i g n i f i c a n t l y  to th is  event.
O r ig in  o f  the  A lk a l i n e  Magmas
Recent f i e l d  and th e o re t i c a l  in v e s t ig a t io n s  in a lka l in e  rocks and 
in the Central Montana A l k a l i c  Province have aided in an unaerstanding 
o f  these rocks. Mechanisms p e r ta in in g  to c rus ta l  o r ig in s  include par­
t i a l  m e l t ing  of the c r u s t ,  m e l t ing  induced by r i s i n g  mantle f l u i d s ,  or 
contaminat ion o f  the monzonit ic  magmas. D i f f e r e n t i a t i o n  or contamina­
t i o n  o f  the monzonit ic  magmas to produce the a lk a l in e  magmas is h ig h ly
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h ig h ly  u n l i k e l y .  As shown above, the composit ion of both l i t h o lo g ie s  
negates any method o f  d i f f e r e n t i a t i o n  to der ive the a lka l in e  rocks from 
the c a l c - a l k a l i n e  rocks.  Contamination of the monzonit ic magmas by 
l imestone syn tax is  is  not capable of de r iv ing  appropriate volumes o f  
a l k a l in e  magma from c a lc -  a lk a l in e  magma (G i t te ns ,  1979). Minor conta­
minat ion may have in f luenced the a l k a l i -  syenite magmas, but t h e i r  com­
p o s i t io n a l  v a r i a t io n  from the a l k a l i - t r a c h y te s  is  very sub t le .  Crustal 
m e l t ing  to der ive  the a lk a l in e  magmas is d i f f i c u l t  to expla in due to 
t h e i r  dep le t ion  o f  s i l i c a .  P a r t ia l  melt ing induced by v o la t i l e s  from 
the mantle is a more acceptable mechanism of genesis from c rus ta l  
m a t e r i a l .
K im b e r l i t e s ,  c a ro o n a t i te s ,  and mantle-derived mafic a lk a l in e  rocks 
occur in ce n t ra l  Montana. Thus, mantle mater ia l  has managed to  reach 
the surface in the A l k a l i c  Province. The l i k e l ih o o d  tha t  the f e l s i c  
a lk a l in e  rocks o f  the L in s te r  Peak area are mant le-derived is qu i te  
reasonable. They could have developed d i r e c t l y  by p a r t ia l  melting of 
mantle m a te r ia l ,  or by d i f f e r e n t i a t i o n  from a mafic a lka l in e  parent.  
The ir  mineral and chemical s i m i l a r i t y  to syenites from shonk in i te -  
syen i te  la c c o l i t h s  in c e n t ra l  Montana (Kuhn, 1982; Kendricks, 1980) sug­
gests th a t  the L in s te r  Peak rocks too may have d i f f e r e n t ia te d  from a 
mafic  parent .  The whole-rock chemical c h a ra c te r i s t i c s  of the a l k a l i -  
t rach y te s  and a l k a l i - s y e n i t e  porphyries are compatable with d i f f e r e n t i a ­
t io n  from a mafic parent by c ry s ta l  f r a c t i o n a t i o n ,  v o l a t i l e  t r a n s fe r ,  or 
magma irnmiscibi 1 i t y .
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M in e ra lo g ic a l , chemical,  and sp a t ia l  c h a ra c te r i s t i c s  suggest tha t  a 
mantle o r i g i n  or contaminat ion o f  deep c rus ta l  rocks by mantle f l u i d s  is  
the most appropr ia te  exp lana t ion  f o r  the genesis f o r  these magmas.
Mafic in c lu s ion s  in these magmas could be o c e l l i  or r e s t i t e s  from a more 
b a s a l t i c  magma or rock,  as well  as re c ry s ta l  1ized basement x e n o l i th s .
The unusual occurrence o f  melanite garnet is f u r th e r  suggestive of a 
mantle o r i g i n .  The fa c to rs  which may have c o n t ro l le d  the common spa t ia l  
and temporal r e la t io n s h ip s  o f  the a lk a l in e  and c a lc -a lk a l in e  magams are 
discussed below.
Common Factors In v o lv in g  Petrogenesis o f  A lk a l in e  and
C a lc -A lk a l in e  Lineages
The d i f fe re n ce s  in m ine ra l ,  chemical,  and f lu id -phase  composit ions 
of the two L in s te r  Peak igneous su i tes  ind ica te  tha t  they evolved from 
d i f f e r e n t  source areas. The l i k e l ih o o d  of c rus ta l  and mantle o r ig in s  
f o r  the monzonit ic  and a l k a l i c  rocks, re sp e c t ive ly ,  fu r th e r  supports a 
theory  o f  independent genesis. Yet these magmas intruded the same area 
near ly  contemporaneously.
The occurrence o f  Late-Cretaceous basement f a u l t i n g  and secondary 
t e n s i l e  stresses must have l o c a l l y  decreased pressures in the c ru s t .  
B a i le y  (1964) in d ic a te s  th a t  c ru s ta l  warping alone may induce p a r t ia l  
m e l t ing  of the c rus t  by decreasing hyd ro s ta t ic  pressure. Hyndman (1981) 
suggests th a t  extens ive f r a c t u r i n g  of the c rus t  may create f e l s i c  magmas 
by p a r t i a l  me l t ing  of the gne iss ic  basement rocks. Presumably, de­
creased pressure promoted m e lt ing  of gne iss ic  basement rocks. Figure 12
96
dep ic ts  t h i s  mechanism. Assuming an average geothermal grad ient  of 
20*C/km, a p a r t i a l  melt of  g r a n i t i c  composit ion with three percent water 
would develop at 35 k i lo m e te rs .  A s l i g h t l y  less s i l i c i c  melt ,  such as a 
quar tz -bear ing  monzonite, would requ i re  s l i g h t l y  higher temperatures, 
more water,  or less pressure. Anomalous sphene, hornblende, and mafic 
inc lu s ion s  in the monzonit ic  rocks could r e f l e c t  primary r e s t i t e  as wel l  
as acc identa l  x e n o l i th s .
Presumably, i f  pressures decreased in the lower c rust  due to base­
ment f a u l t i n g  and/or tens ion re s u l t in g  decompressional zones would occur 
in the upper mantle. This mantle decompression could promote r i s in g  of 
molten mantle m a te r ia l ,  v o l a t i l e s ,  or a mant le-derived p a r t ia l  melt.  
Presumably, the al k a l i - t r a c h y te s  and a l k a l i - s y e n i t e  porphyries are a 
d i r e c t  or i n d i r e c t  product o f  m e l t ing  induced by decompression in the 
mantle.
I f  generat ion of c a l c - a l k a l i n e  and a lka l in e  magmas was contempora­
neous, responding to  decompression in the c rus t  and mantle, respec­
t i v e l y ,  c a l c - a l k a l i n e  magmas may reach the upper crus t  f i r s t ,  having less 
d is tance to  t r a v e l .  Denser, less viscous a lka l in e  magmas presumably 
would f o l l o w  very  soon a f t e r  in t ru s io n  of the c a lc -a lk a l in e  magmas. I f  
b a s a l t i c  unde rp la t ing  con t r ibu ted  to anatexis,  the two magmas should 
in t ru de  ne a r ly  s imu ltaneous ly .  The above-mentioned temporal r e l a t i o n ­
ships are p re c is e ly  what is  seen in most a l k a l in e / c a lc - a lk a l in e  sub­
provinces of ce n t ra l  Montana.
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Evidence o f  Magma Mixing
In d ic a to rs  of  magma contamination by magma mixing occur in both the 
a lk a l in e  and c a l c - a l k a l i n e  rocks of the L in s te r  Peak dome. In the mon­
z o n i t i c  rocks ,  hornblende and sphene can be a t t r ib u te d  to ass im i la t ion  
o f  mafic  in c u ls io n s ,  but the a e g i r in e -a u g i te  remains an enigma. I f  
c l inopyroxene had formed e a r ly  in the c r y s t a l l i z a t i o n  h is to ry ,  augite 
would have formed using calc ium tha t  was la te r  incorporated in to  p lag io -  
c lase .  Ins tead, andesine formed and ae g i r ine -au g i te  represents the 
c l inopyroxene phase. E i th e r  the ae g i r in e -a u g i te  formed a f te r  c r y s t a l ­
l i z a t i o n  of the andesine, or i t  occurs as an accidental m inera l.  The 
s i m i l a r i t y  of  the a e g i r in e -a u g i te  in the monzonit ic rocks, and the cores 
o f  the a e g i r in e -a u g i te  o f  the a lk a l in e  rocks poin ts to magma mixing to 
exp la in  t h i s  phenomenon. The shattered and r a t t y  appearance of the mon­
z o n i t i c  hosted a e g i r in e -a u g i te  f u r t h e r  supports a mechanism of magma 
mix ing .  Sphene abundances, p a r t l y  a t t r ib u te d  to ass im i la t ion  of mafic 
in c lu s io n s ,  may also be a r e f r a c t o r y  product of magma contamination.
Contamination of the a l k a l i - t r a c h y t e  magma by monzonit ic magma can 
be seen chem ica l ly  from Marker p lo ts  of  whole-rock and trace-element 
chemical analyses. For nea r ly  a l l  elements, the a l k a l i - s y e n i te s ,  the 
e a r l i e s t  rocks, show a sub t le  a f f i n i t y  f o r  the c a lc -a lk a l in e  s u i te .
Since no fe a s ib le  d i f f e r e n t i a t i o n  trend can re la te  them, magma contami­
na t ion  must be the reason f o r  t h e i r  s i m i l a r i t i e s .  A lso, gray t rachy te  
d ikes ,  weakly enriched in a e g i r in e ,  o f ten  contain f rac tu red  p lag ioc lase  
and o r thoc lase  c r y s t a l s .  These c ry s ta ls  could have been incorporated by 
magma mix ing la te  in the coo l ing  h i s to r y  of the t rachytes or they could
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e x i s t  as xenocrysts from p a r t l y  ass im i la ted stock l i t h o lo g ie s .  Curious­
l y ,  the youngest al k a l i - t r a c h y te s  are fa r  more enriched in aeg i r ine ,  and 
show no evidence of magma contaminat ion.
A younger, evo lv ing  s u i te  of  syenites and a l k a l i - g r a n i te s  in the 
Jud i th  Mountains is  c l e a r l y  the product of  magma mixing (Wallace, 1953). 
Thus, a l l  stages of magma mixing between the a lka l ine  and c a lc -a lk a l in e  
su i te s  may be observed in the Jud i th  Mountains. In comparison, i t  ap­
pears th a t  the rocks of the L in s te r  Peak dome represent the o ldes t ,  
le a s t  contaminated, and most p r im i t i v e  magmas exposed in the Jud i th  
Mountains. A l l  o ther igneous rocks in the area can be l inked to the 
rocks of L in s te r  Peak by d i f f e r e n t i a t i o n  or contamination.
CONCLUSIONS
In cen t ra l  Montana during the Late-Cretaceous, extensive basement 
f a u l t i n g  produced the fo l lo w in g  surface fea tu res :  regional fo ld s ,  base­
ment-cored u p l i f t s ,  en echelon f a u l t  zones, and other smal ler,  s im i­
la r l y - o r i e n te d  f a u l t s .  Presumably, these basement fa u l t s  c o n t ro l le d  the 
fo rmat ion  o f  local surface fea tu res  and produced loca l ized  decompression 
in the e a r th 's  c ru s t .  A t h e o r e t i c a l ,  secondary zone of tension ap­
p a re n t ly  trended northeast  through cen tra l  Montana and may have c o n t r i ­
buted to zones of weakness and low pressure.
Normal f a u l t i n g  in the L in s te r  Peak area, which p a ra l le ls  t h is  
reg iona l  t re n d ,  d isp laced Paleozoic and Mesozoic rocks p r io r  or dur ing 
to  emplacement o f  the L in s te r  Peak stock. This f a u l t  apparently remain­
ed a zone of s t r u c tu r a l  weakness, and loca l ized  la te  magmatic pulses, 
hydrothermal a l t e r a t i o n ,  and m in e ra l iz a t io n  in the L in s te r  Peak dome.
During the very Late-Cretaceous and E a r ly -T e r t ia r y ,  monzonit ic 
magmas f o r c e f u l l y  in truded t h i s  area, producing a multi -phase stock. 
These phases inc lude a f in e -g ra in e d  c h i l l  cap, more coarsely c r y s t a l l i n e  
p o r p h y r i t i c  core, and la te -s ta g e  d ikes ,  in t ru s iv e  brecc ias,  and i n t r u ­
s ive 1 a t i t e s .
The upper c h i l l  cap c r y s t a l l i z e d  e a r ly ,  a l lowing minor v o l a t i l e s ,  
s i l i c a ,  and metals to  accumulate in the apical por t ions of the s t i l l -  
molten body of the s tock .  Thin,  go ld -bear ing skarns formed at contacts 
between the more hydrous phases of the stock and Paleozoic l imestones. 
I n t r u s i v e  b recc ias ,  l a t i t e s ,  and coarse-grained porphyry dikes produced
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sm a l l -sca le  "porphyry type"  copper, molybdenum, lead, and zinc accumu­
la t i o n s ,  p y r i t i z a t i o n ,  s i l i c i f i c a t i o n ,  c a rb o n i t i z a t io n ,  and a r g i l l i t i z a -  
t i o n  of the host rocks.  These late-magmatic phases concentrated along 
the major east-west and nor th -sou th  shear zones in the L in s te r  Peak 
dome.
Emplacement of a lk a l in e  magmas began immediately fo l low ing  the 
c r y s t a l l i z a t i o n  o f  the L in s te r  Peak stock. Nepheline-normative a l k a l i -  
syen i te  porphyr ies and a l k a l i - t r a c h y te s  intruded the dome as a plug, 
i r r e g u la r  d iscordan t  bodies, d ikes,  and s i l l s .  With the exception o f  
the a r g i l l i c a l l y  a l te red  and brecc ia ted plug, no m in e ra l iza t ion  is  as­
sociated to these a l k a l i c  in t r u s io n s .  Two small occurrences of r h y o l i -  
t i c  breccias post-da te  a lk a l in e  a c t i v i t y .
Later hydrothermal a l t e r a t i o n  produced extensive c a rb o n i t i z a t io n ,  
and p y r i t i z a t i o n  along the f a u l t s  and shear zones of the L in s te r  Peak 
dome. A l l  igneous l i t h o lo g ie s  host t h i s  a l t e r a t io n ,  inc lud ing the 
a l k a l i - t r a c h y t e s  and r h y o l i t i c  b recc ias.  High-grade, gold-bear ing veins 
of ca rbona te - f  1 u o r i t e - p y r i t e  quartz _+ cha lcopy r i te  apparently formea
as f r a c tu re  f i l l i n g s  dur ing t h i s  event. The la te  occurrence of these 
veins ind ica tes  th a t  they may be re la ted  to the same hydrothermal events 
which produced post-magmatic t r a v e r t i n e  deposits in the Jud i th  and Moc­
casin Mountains.
Previous exp lana t ions o f  the near ly  contemporaneous c a lc -a lk a l in e  
and a lk a l in e  su i tes  in the Jud i th  Mountains by d i f f e r e n t i a t i o n  or a s s i ­
m i l a t i o n  have been re-examined by using f i e l d  s tud ies ,  labora to ry  
analyses and research.  The fo l lo w in g  re s u l ts  and speculat ion are the
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product o f  t h i s  i n v e s t ig a t io n .
D i f fe rences  in mineral c o n s t i tu e n ts ,  chemical t rends,  late-magmatic 
f l u i d  phases, and degrees of s i l i c a  sa tu ra t ion  ind ica te  tha t  these two 
s u i te s  of igneous rocks cannot have o r ig ina ted  from the same source 
area, or magma, as p re v io u s ly  thought.  The two magmas were derived from 
d i f f e r e n t  source t e r r a i n s ,  apparent ly  c rus ta l  fo r  the monzonit ic rocks, 
and mantle re la ted  f o r  the a lk a l in e  rocks. The same tec ton ic  mechanism 
o f  magma generat ion probably i n i t i a t e d  simultaneous magmatism in both 
areas. B a sa l t ic  underp la t ing  by the a lka l in e  magmas may have g re a t ly  
in f luenced anatexis of the c rus t  and product ion of c a lc -a lk a l in e  
magmas.
Chemical and mineral anomalies in both su i tes can be explained by 
minor contam inat ion ;  presumably magma mixing at depth. The u t l i l z a t i o n  
of  basement shears f o r  conduits  f o r  both r i s i n g  magmas would al low, i f  
not necess i ta te ,  some degree of contaminat ion. Mineral and chemical 
c o n s t ra in ts  suggest th a t  mixing occurred a f te r  andesine began c r y s t a l ­
l i z i n g  in the monzonit ic  m e l t ,  and before aeg ir ine rims formed on 
a e g i r in e -a u g i te  in the a l k a l i c  mel ts .  Younger in t ru s iv e  rocks in the 
Jud i th  Mountains more r e a d i l y  e x h ib i t  magma mixing between f e l s i c  a lka­
l i n e  and c a l c - a l k a l i n e  magmas.
The occurrence of Late-Cretaceous basement shearing and secondary 
tens iona l  zones support a simple model of magma generation by c rus ta l  
decompression in cen t ra l  Montana. Crusta l ana mantle mel t ing ,  i n i t i a t e d  
by loca l  low-pressure zones, could produce small volumes of magma w i th ­
out the ex is tence o f  anomalous heat f low  or v o l a t i l e  cons t i tuen ts .
Figure 13: SPECULATION ON THE MAGMATIC HISTORY OF THE
LINSTER PEAK DOME
PHASE 1:
Late-Cretaceous basement f a u l t ­
ing generates p a r t i a l  mel t ing 
(by decreasing pressures) of 












Ca lc-a l ka l i ne  magmas r i se  
f i r s t ,  forming a stock.  Al k ­
a l ine magmas r i se  through 
(and mix in)  the f a u l t  zone.
/T',
PHASE 3:
C r y s t a l l i z a t i o n  and 
d e n u d a t io n  o f  th e  dome 
r e s u l t  in  i t s  p re s e n t  
a p p e a ra n c e .
* Basal t i c  underplat ing may 
also have cont r ibuted.
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B a s a l t ic  underp la t ing  could also have s t ro n g ly  in f luenced c rus ta l  ana­
t e x i s .  The volume and t im ing  of the magmatic events, coupled with the 
t e c to n ic  p ic tu re  o f  cen t ra l  Montana during the Cretaceous-Tert ia ry  
t r a n s i t i o n ,  are compatable w i th  t h i s  mechanism of c rus ta l  decompression 
to  produce the two coeval magmas.
Although t h i s  mechanism of magma generat ion is presen t ly  specula­
t i v e  (F igure 13) i t  represents a simple, feasable explanation fo r  the 
ex is tence of s p a t i a l l y  and tem pora l ly  re la ted  a lka l in e  and c a lc -a lk a l in e  
magmatism in the L in s te r  Peak area. Add i t iona l  work invo lv ing  the 
m ine ra l ,  chemical,  c h ro n o lo g ic a l ,  and s t ru c tu ra l  re la t io n sh ip s  of these 
coeval magmas w i l l  t e s t  t h i s  theory of magma generation in s im i la r  areas 
o f  the Central Montana A lk a l i c  Province.
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1. Thin Section Analys is
S l ide  p repara t ion  involved o r ie n ta t io n  of randomly selected samples 
cut and ground to approx imate ly  30 microns in thickness by Steve Balogh, 
U n iv e r s i t y  of Montana. Standard Zeiss p o la r iz in g  microscopes were used* 
f o r  observa t ion .  References used fo r  mineral i d e n t i f i c a t i o n  and te x ­
tu res  are Troger (1977), Deer and others (1975), P h i l l i p s  (1971), and 
Wil l iams and others (1954).
2. X-Ray D i f f r a c t i o n  Analys is
X-ray d i f f r a c t i o n  s tud ies were performed at the U.S. Geological 
Survey under the d i r e c t io n  of Zeke Rivera, Denver, Colorado. Samples of 
monzonite porphyry and a l k a l i - s y e n i t e  porphyry were ground to a f in e  
powder and mixed with acetone fo r  unoriented s l id e s .  Slides were ra d ia ­
ted by a P icker  X-Ray D i f f rac to m e te r  with a copper alpha tube using 32 
k i l o v o l t s ,  18 mi 1 lampheres, and ro ta t in g  at 2**/minute. Ind iv idua l  
mineral separates (hornblende, p lag ioc lase ,  potassium fe ldspar)  were 
x-rayed, as well  as non-magnetic "heavies" and bromoform " l i g h t s "  from 
mineral separat ion procedures.
3. Whole Rock and Trace Element Chemical Analyses 
Samplinq
A l l  samples f o r  geochemical analyses were co l lec ted  randomly from 
the f reshes t  rock a v a i la b le .  A minimum of 4.5 ki lograms/sample was c o l ­
le c te d ,  w i th  the exception o f  a few f ine -g ra ined  rocks fo r  which 2.3 
ki lograms/sample was c o l le c te d .  A l l  v i s i b le  weathering r inds and mafic 
in c lu s io n s  were removed p r i o r  to  pu lve r iz in g  the rocks. Longitudes and 
la t i tu d e s  fo r  geochemical samples are l i s te d  below in  Table la .
Crushing and P u lv e r iz in g
Samples, broken to less than 2 inches in diameter, were crushed in 
a Chipmunk crusher to less than 1 centimeter in diameter. These chips 
were ground to less than 1 m i l l im e te r  in a disc pu lve r ize r  with porce­
la in  p la te s .  Crushing and p u lv e r iz in g  mentioned above were performed 
using the f a c i l i t i e s  at the U n iv e rs i t y  of  Montana and the U.S. Geo­
lo g ic a l  Survey in Reston, V i r g in ia .  Care was taken to avoid contamina­
t io n  and to crush, then s p l i t  the e n t i r e  4.5 ki lograms of samples to 
insure the random d i s t r i b u t i o n  of m inera ls .  En t i re  s p l i t s  of less than 
1 m i l l im e te r  s ize f r a c t io n s  were ground by hand, using a porce la in  mor­
t a r  and p e s t le ,  to less than 230 mesh. Care was taken to avoid any loss 
o f  m a te r ia l  by s ie v in g .
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TABLE la :  LOCATION OF GEOCHEMICAL SAMPLES
Number Rock Type La t i tud e  Longitude
OM-7 Tmp 47°13'0" 109°05'10"
JM-12 Tmp 47°12'56" 109°05'10"
JM-31 Tmp 47” 14'58" 109” 04'55"
JM-89 Tmp 47°13'10" 109“ 04‘ 55"
JM-79 Tasp 47*14'44" 109°02'00"
JM-124 Tasp 47°13'30" 109°02'45"
JM-82 Tasp 4 7 '1 4 ’ 40" 109*01'30"
JM-84 Tasp 47*15'00" 109*01'30"
JM-32 Tsp 47*15'00" 109*04'50"
JM-42 Tsp 47*13'50" 109*04'35"
JM-32C Tsp 47*14'56" 109*04*50"
JM-MISC#3 Tsp 47*14*58" 109*04*45"
JM-16 Tat 47*13*08" 109*04*50"
CBM-7 Tat 47*13*22" 109*04*15"
JM-2A Tat 47*14*26" 109*01*20"
JM-135 Tat 47*13*44" 109*01*25"
JM-80 Tat 47*14*40" 109*02*00"
L a t i tu d e  values are accurate w i th in :  02".
Longitude values are accurate w i th in :  05"
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Chemical Analyses
1. U n iv e rs i t y  o f  Oregon, Eugene, Oregon: Four samples, one of 
each rock type, were analyzed q u a n t i t a t i v e l y  under the supervis ion of 
Lance Peterson at the U n iv e r s i t y  of  Oregon. Nine major elements were 
run on an x - ray  spectrometer.  Standard rocks were run in p a ra l le l  w i th  
these samples to  enable c a lc u la t io n  of p rec is ion  and accuracy. Sodium 
was analyzed by atomic adsorpt ion and ferrous and f e r r i c  iron were 
determined by t i t r a t i o n .  P rec is ion  and accuracy of XRF analyses fo r  
major elements (except MgO) is  1% r e l a t i v e  or less ,  2% fo r  MgO, and 
s l i g h t l y  h igher f o r  minor elements. Results are l i s te d  in Table lb .
Trace elements Rb, Sr, Y, Zr, and Nb were also analyzed by XRF at 
the U n iv e rs i t y  of  Oregon f o r  the above-mentioned samples. Results are 
tab led  below in  Table I c .
2. Washington State U n iv e rs i t y ,  Pullman, Washington: Twenty 
whole-rock samples were analyzed fo r  ten major elements at Washington 
State U n iv e r s i t y  (W.S.U.) ,  Pullman, under the d i re c t io n  of Peter Hooper, 
Less than 1 m i l l im e te r  s ize pu lver ized rock was fu r th e r  prepared at 
W.S.U. and analyzed by standard XRF procedures. The re su l ts  of these 
analyses are l i s t e d  below in Table Id .  Accuracy and prec is ion data are 
not a va i la b le  on these values, but they correspond well with re s u l ts  
from the U n iv e r s i t y  o f  Oregon. The SiOg value fo r  sample JM-1U5 
appears to be anomalously high in comparison to other samples of s im i la r  
rock type ,  and ana lys is  of  the same rock at the U n iv e rs i ty  of Oregon.
3. U.S. Geolog ica l Survey, Denver, Colorado: The fo l low ing  r u b i ­
dium and s t ron t ium  values were determined by x - ray  f luorescense under 
the d i r e c t io n  of Carl E. Hedge, U.S. Geological Survey, Denver, Colo­
rado. These r e s u l t s  are l i s t e d  in Table le .
I l l
TABLE lb : MAJOR ELEMENT DATA
Sample Sample Sample Sample
JM-84 JM-89 JM-105 JM-106
SiO^ 59.07 63.08 58.14 62.40
Ti02 0.40 0.35 0.25 0.34
AT 2O3 17.31 16.77 18.98 17.49
Fe2 0 3 2.37 2.32 1.96 1.99
FeO 2 . 0 2 2.24 0.89 1.54
MnO 0 . 1 1 0 . 1 2 0.07 0 . 1 2
MgO 0 . 6 8 0.95 0.38 0.56
CaO 3.15 3.69 0.80 3.88
Na^O 5.18 4.17 5,94 4.91
K^O 7.44 3.99 9.34 4.09
P2O5 0.08 0 . 1 0 0 . 0 2 0.07
Loss 1.23 1.16 3.33 0.64
Total 99.04 98.94 1 0 0 . 1 0 98.03
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TABLE Id: WHOLE-ROCK ANALYSES FROM W.S.U. (PULLMAN)
Sample Rock
Number Type SiÜ2 AI2O3 TiOz FeO* MnO CaO MgO K2O NazO P2O5 Total%
JM-7 Tmpf 64.73 17.19 0.37 4.89 0.17 3.77 0.91 3.92 4.02 0.13 100.08
JM-12 Tmpf 63.37 17.28 0.42 5.32 0.14 4.26 1.17 3.98 3.92 0.15 100.01
JM-31 Tmpf 63.01 18.97 0.35 3.48 0.12 5.48 0.77 2.94 4.73 0.15 100.00
JM-89 Tmpf 64.59 16.91 0.38 4.87 0.13 3.58 0.97 4.38 4.04 0.14 99.99
JH-32 TmpC 62.89 18.38 0.39 4.05 0.15 4.68 0.65 4.16 4.56 0.09 100.00
JM-32C TmpC 62.99 18.31 0.40 3.99 0.16 4.45 0.74 4.12 4.74 0.12 100.02
JM-42 TmpC 62.82 18.04 0.43 2.68 0.18 4.25 0.79 3.89 4.79 0.13 98.00
JM-106 TmpC 63.88 17.92 0.38 3.80 0.15 4.05 0.68 4.36 4.67 0.11 100.00
JM-M3 TmpC 63.59 18.04 0.38 3.77 0,15 4.14 0.65 4.08 5.13 0.09 100.02
JM-2A Tat 58.20 18.05 0.67 5.77 0.17 3.65 0.98 7.45 4.91 0.14 99.99
JM-16 Tat 58.48 19.28 0.61 5.65 0.15 2.13 0.75 8.28 4.57 0.11 100.01
JM“80 Tat 57.33 20.00 0.38 5.68 0.15 1.74 0.82 8.99 4.84 0.06 99.99JM-105 Tat 62.ü8 19.64 0.26 2.68 0.07 0.80 0.51 8.53 5.39 0.04 100.00JM-135 Tat 57.54 19.30 0.54 5.06 0.14 1.57 0.79 8.93 5.99 0.12 99.98
Ji*l-79 Tasp 61.03 18.01 0.52 4.38 0.14 3.02 0.79 7.21 4.78 0.12 100.00JM-82 Tasp 60.50 17.92 0.58 4.79 0,15 2,93 0.93 7.24 4.83 0.13 100.003M-84 Tasp 61.72 17.44 0.45 4.40 0.12 2.94 0.70 7.02 5.04 0.10 99.93JM-124 Tasp 60.99 17.68 0.53 4.52 0.12 3.22 0.64 7.43 4.76 0.12 100.01
JM-140 Mit 44.95 6.68 0.91 20.42 0.60 15.30 5.39 0.905 4.19 0.54 99.92
*Total Fe
tMafic inclusion from alkali-syenite porphyry dike




Number Rb (ppm) Sr (ppm) Rb/Sr
Monzonite Porphyry (Tmpf)
JM-12 114 628 0.18
JM-7 132 627 0.21
JM-31 46 528 0.09
JM-89 139 582 0.24
Monzonite Porphyry (Tmpc)
JM-32 104 632 0.16
JM-42 111 645 0.17
JM-32C 107 609 0.18
JM-MISC#3 118 668 0.18
JM-106 125 842 0.15
A1ka l i -T rachy te  (Tat)
JM-16 129 528 0.24
CBM-7 300 519 0.58
JM-2A 204 761 0.27
JM-13S 136 528 0.26
JM-80 154 632 0.24
JM-105 143 418 0.34
A lk a l i -S y e n i te  Porphyry (Tasp)
JM-79 214 621 0.34
JM-124 107 555 0.19
JM-82 225 842 0.27
JM-84 221 806 0.27
JM-84 ( Sanid ine) 143 707 0.20
Rb and Sr values determined by x - ray  f luorescence under the d i re c t io n  of 
Carl E. Hedge, U.S. Geological Survey, Denver, Colorado.
APPENDIX I I  
Age D a t i n g
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M i n e r a l  s e p e r a t e s  were c o l l e c t e d  under  the
u l t s  o f  t h e s e  d e t e r m i n a t i o n s  on f e l d s p a r s  and 
h o r n b l e n d e  ar e  t a b l e d  on below.  These ana lyses
p e r f o r me d  by R i c h a r d  M a r v i n ,  Branch o f  I so t ope  
Ge o l ogy ,  U . S .  G e o l o g i c a l  Sur v e y ,  Denver .  Col or ado.
U n ite d  S t a t e s  D e p a r tm e n t o f  th e  I n t e r i o r  
G e o lo g ic a l  S u rv e y  
Is o to p e  G e o lo g y  B ran ch
R e p o r t  No. 6 7 9
K -A r  Age D e te r m in a t io n s  
F o r  Gail K irchner D a te  March 5, 1982
C o n s ta n ts :  » 0 .5 8 1  x 10  ^ ^ /y r Xg -  4 .9 6 2  X 1 0 " ^ ® /y r
A to m ic  a b u n d a n c e : K40 1 .1 6 7  X 10
- 4
P o ta s s iu m  d e t e r m in a t io n s  made w i t h  an In s t r u m e n ta t io n  L a b o r a to r ie s  f la m e  
p h o to m e te r  w i t h  a L i  i n t e r n a l  s ta n d a r d .
L a b . N o . F ie l d  N o . K jO  % * A r ^ ^ ( lO  m o le s /g ra m )
Age n . v .
D3082S GK-JM-84 9 .7 7  avg. 8 .479 84 0 .00350 59.3+2.1
D3082H GK-JM-84 0 .3 3  avg. 0 .2248 54 0.00275 4 6 .7 + 3 .9
D3083H GK-JM-89 1 .64 avg. 2 .137 90 0.00526 8 8 .3 + 3 .2
D3083P1 GK-JM-89 0 .7 9  avg. 1 .063 76 0 .00543 91 .1+5 .6
'ra d io g e n ic  argon S = san id in e  concentra te  
H = hornblende concen tra te  
PI = p la g io c la s e  concen tra te
A na lys ts :  R. F. M a rv in ,  H. H. Mehnert, E. L. Brandt
Potassium d e te rm in a t io n s :  9 ,7 8  and 9.76% K2O f o r  D3082S
0 .3 2  and 0.34% KgO fo r  D3082H
1 .65  and 1.63% KgO fo r  D3083H
0 .8 0  and 0.78% KgO fo r  D3083P1
Samples D3082S and D3082H, san id in e  and hornblende con cen tra tes , r e s p e c t iv e ly ,  
were o bta ined  from specimens o f  a l k a l i  s y e n ite  porphyry th a t  were c o l le c te d  a t  
ap p ro x im a te ly  4 7 ° 1 5 'N ,  109°50'W; L in s te r  Peak Dome, Ju d ith  Mountains, Fergus 
County, Montana.
Samples D3083H and D3083P1, hornblende and p la g io c la s e  co ncen tra tes , r e s p e c t iv e ly ,  
were o b ta in e d  from ,specimens o f  monzonite porphyry th a t  were c o l le c te d  a t  
a p p ro x im a te ly  47®15'N, 109°50'W; L in s te r  Peak Dome, Ju d ith  Mountains, Fergus 
County, Montana.
MINERALIZATION OVERLAY FOR THE GEOLOGIC MAP
K I 







O  Zone of pyritizQtion and silicification
— Quartz veins < I cm ttiick ±  pyrite
-4- Quartz veins > I cm ttiick ±  pyrite
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EXPLANATION 
==- Roads ( 4 - wheel drive)
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X Prospect pit 
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PLATE 2
Plate i: G eologic M op o f the Linster Peak Dom e
Fergus County, Montana









4 7 °  15
T I7N .
Contour In terva l. 5 0  Feet 
Datum is mean Sea Level
EXPLANATION
iH Undivided alluvium; colluvium, and talus. Alkali trachyte. IB Colorado group.





Strike and dip of beds.
llb p j Breccia pipe. Morrison formation and Ellis group.
Foliation defined by parallelism 
of ptienocrysts. Intrusive breccia. j e Big Snowy group.
Faults
Shear zones.
Monzonite porphyry-mixed. I H Madison formation.
Gradational contacts. Monzonite porphyry-coarse-grained.
Contacts accurate within 5 0  ft. 
Contacts accurate within 100 ft. S Monzonite porphyry-fine-grained.
N
Mapping by Gail Kirchner, 1981
